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ftehmnary 

S 1 In 1898 the Kew Observatory Committee decided in tho words of 
their annual Beport to uiBtal platinum thermometers at Kew and to 
institute an independent senes of experiments into their behaviour 
The Beport adds, “Attention will in the first instance be directed 
more especially to the question of the fixity of the sero and of the fun da 
mental interval 

In pursuance of this policy the Committee built a special room, 
Wrmshed with a fume«closet, and purchased from the Cambndge 
Scientific Installment Company six platinum thermometesMHi a 
Callendar Griffiths resistance bridge, which was regarded atfflHpne 
as embodying all the latest improvements 

In the choice of apparatus and the construction of the room, die 
Committee had the advantage of the advice of Mr E H Griffiths, 
while Mr 0 T Heyeock and Mr F H Neville, as well as Mr Griffiths, 
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kindly visited the Observatory, and illustrated the methods of using 
the apparatus. 

An account of the original installation was given by Mr. Griffiths in 
• Nature/ Nov. 14, 1895, pp. 39-40. As this paper and several more 
recent papers by Professor Callendar and others have discussed the 
fundamental facts of platinum thermometry vory fully, I have judged 
it unnecessary to go into such details here. 


Thmnometers. 

g 2. Tho six original thermometers, distinguished as Kj to K* weie 
all made from one sample of platinum wire. In 1896 a seventh 
thermometer, Kr, was obtained from the Instrument Company. It is 
believed to bo of the same sample of platinum wire as tho others, but 
this is not absolutely certain. Particulars as to the type of the 
thermometers are given in the following table:— 


Table I. 


Ther¬ 

mometer. 

Material of 
tube. 

Length from 
end to edge 
of wooden 
collar. 

Length from 
end to 
terminal!. 

Diameter 
of tube. 

Approximate 
resistance in 
ohm*, 

answering to 
fundamental 
interval. 

Ki 

porcelain 

88 "o 

em 

37-5 

ll'-S 

1*0 

Ki 

85 6 

40-0 

11 -5 

1*0 

K, 


26-5 

1 310 

18-6 

1-0 

k 4 

gla» 

26-5 

1 81 0 

18-5 

1*0 

K, 

35 -5 

] 41*5 

10-5 

1 0 

X, 

85 0 

41-0 

14 0 

2*6 

K r 

” 

34-5 

41-0 

8 0 

1*0 


The resistance at 0° C. of K e is about 0-5 ohms, while tho resistance 
of each of the other thermometers at 0* C. is alxmt 2*6 ohms. 

Since it came to Kew, K« has been exposed to no temperature above 
the steam point; whilst K s , K*, Ki, and Kr have not been taken aliove 
the sulphur point (444°-53 C. according to Callendar and Griffiths, 
under normal pressure). In their early days, Ki and Kj were heated 
on several occasions to the temperature of melting silver (approx. 
960* C.). 

After a few months’ use, Kj began to behave unsatisfactorily. The 
Instrument Company reported after inspection that the tube was 
slightly short, and a new tube was fitted in March, 1896. The career 
of Ks hat been chequered. The first tube broke in melting silver in 
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March, 1896; the aecond tube waa found to be broken in August, 
1896, after a silver point experiment. After repair the thermometer 
behaved badly, and had to be sent to Cambridge. A third tube 
cracked in molten silver in December, 1896. The fourth tube lasted 
until the end of 1898, when it was broken at S&vros. On more than 
one occasion the thermometer had practically to be remade, so that 
the observations taken with Kj at different stages of its existence are 
not comparable. The spiral at present in K a is believed, howevor, to 
be of the same sample of platinum as the original one. 

The other five theiraometers are not known to have hud any mis¬ 
adventures. 

The thermometeis Kj and K$ were taken by Dr. Darker to Sevres 
in July, 1897, and did not letum to Kew until the end of 1898. No 
use was made of K 0 at Sevres, but some observations were made with 
K s up to a temperature of about 600“ C. 

§ 3. In an ordinal y platinum theimometer, it is possible for the air 
inside the tube to become unduly moist, with consequent deterioiation 
of the insulation. In a glass tube the presence of moisture maybe 
detected by the cloudy appearance whon the thermometer is cooled in 
ice; in the case of a porcelain tube the only guide is the behaviour of 
the galvanometer. If there is no sensible creep in the galvunometer, 
it is piohably best to leave the theimometer alone, even if slight 
cloudiness is visible. Theie is Homo risk of altering the apparent zero 
of the thermometer in removing it from the tube, and replacing it 
after the tube has been dried out. On the rare occasions when a tube 
has been dried out, check observations have lieon taken before and 
after the process. The room in which the pktinum thermometers are 
kept is heated night and day when necessary by a gas Btove, whose 
combustion pioducta escape by a flue oponing outside. As the roofh 
is naturally a diy one, the iisk of moistuio has thus been small. 


Ilemtame Boj. 

§ 4. The box as it oiiginally existed in 1895 had a plug system 
similar to that of the oidinary Post Office pattern. The plug holdeA 
were of brass. Towaids the end of 1896 it was found that pulling 
out a plug influenced the tightness of its neighbours. Early in 1897 
the Committee arranged with the authorities of the International 
Bureau of Weights and Measures that Dr. J. A. Harker should 
proceed to S&vres, and take part in a comparison of platinum, and gas 
thermometers. At first it was proposed to take the existiij|feew box 
to Sfrvrta; but, on hearing of the difficulties experienced with it, the 
Committee decided that Dr. Harker should examine into their reality 
before a decision was oome to. Finding that with an ordinary 
standard of plug tightness sufficiently consistent results were not 
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attainable, Dr. Harker tried the effect of greater tightness This, 
however, made matters rapidly worse, and it shortly became obvious 
that the box in its existing condition was of no farther use; it was 
accordingly sent for repair to Cambridge. 

Having high hopes of a new system of plug holders—fusible metal 
inside Doulton ware—tho Instrument Company introduced this, at their 
own expense. The plug holders in the restored box are supported 
separately, and the pulling out of u plug has never shown any ten¬ 
dency to influence others. This is undoubtedly a great improvement; 
but I am somewhat doubtful of the expediency of tho other changes 
made when restoring the l>ox. 

After some time it was found that taking out and replacing a plug 
sometimes oxorted a vory sensible influence on the reading, and from 
the appearance of tho plugs it was suspected that this arose partly 
from tho state of the plug holes The fusible metal seems disposed to 
develop a coating of light-coloured powder, and presumably this 
affects the plug resistances. On being applied to, the Instrument 
Company supplied a simple arrangement for cleaning out the plug 
holes without unduo friction, and it has certainly improved matters. 

The accompanying sketch, fig. 1, shows diagrammatically a vortical 
section of tho original box, perpendicular to its longest dimension. 
C represents the coil chamber, AAA a copper tank containing water. 
This tank could bo heated from below by a gas burner, the flow of gas 
being determined by a gas regulator, whose morcury bulb was sur¬ 
rounded by the water inside A. The coils hung in air, and their 
temperature was deduced by means of a morcury thermometer whose 
bulb was inside C. 

When altering the ping system, the Instrument Company altered 
the shape of the water tank and the form of the coil chamber. Fig. 2 
gives a section of tho existing form takon in the same way as fig 1, 



Fie. 1. Fie. 9. 


the letters having the same significance. The changes were presumably 
dictated by the altered nature of the plug arrangements. I am dis¬ 
posed to think that the coil chamber in the existing form is not so well 
protected from external influences as in the earlier form, and I believe 
that in accepting the readings of the mercury thermometer, as giving 
the temperature of the coils, there is more risk of error now than 
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lltbisianee doth. 

§ B. The coil resistances arc on the binary scale, 

H - 0/2 - P/4 - E/8 - D/16 - C/32 - B/04 - A/128 - Afl/286, 

with two extia coils, “Cal” and FI—or I, as it will lie callotl hore— 
the former used merely in calibrating the bridge wire. The nominal 
value of 11 is 5 box units. The unit is very approximately 0*01 of an 
ohm, so that the fundamental intervals of all the thermometers except K* 
are nearly 100 box units This has the advantage that wheu the read¬ 
ing Ro in ice is subtracted from the obsorvod reading, one has approxi¬ 
mately the temperature in degrees Centigrade on tho platinum scale. 

The coil I is appioxiniatcly 100 box units, and piactically all the 
fundamental interval determinations, except with Ku, have been 
roferrod to it. 

Tho coil A a was added along with the coil Cal in 1897, when the box 
was altered. It has not been usod in any of tho work now to las 
described, and the mean box unit has boen based throughout on the 
'eight coils H to A. The coils are of platinum silver. 

The blidgo wire is fully 30 cm. long, leadings to tho right of the 
centre representing a temperature above, and rendings to the left a 
temperature below that answering to the sum of the coils whoso plugs 
are out. The bridge wire is also of platinum sil\oi, aud possesses the 
sumo temperature coefficient as tho coils. 

The bridge-wire Beale is divided to 1 mm, and tho vendor reads 
directly to 0'02 nun., and allows 0'01 mm. to Ihj estimated. A differ¬ 
ence of 1 cm. on the bridge-wire reading answers very nearly to 1 box 
unit, or to a difference of 1° in temperature with all the thermomoters 
except K«. Thus, in referring to differences of bndge-wire reading# I. 
shall usually, for brevity, speak of them as differences of temperature. 


Nature of thr Obm rationi. 

§ 6. The expediency of using the same coil combinations for all the 
thermometers except K<, was soon recognised. Also a point has be&i 
made of using two combinations for each temperature, according to the 
following scheme:_ 

Thermometer*. In ice. In steam. 

K„K..K,K.,K fc K„S H {cTOH. 
jr /AG / ACDF 

l AH LACDGH 

By using tho same coil combinations for different thermometers 
we may at least hope to detect any sensible relative changes, whilst 


In sulphur vapour. 

JAK 

lA^H 
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by using two coil combinations we get a better idea of tho ordor of 
accuracy of the observations, and have some check on the constancy 
of the smaller coil resistances. 

As a ride, each fixed point determination depended on at least 
three observations. Thus, in ice we might have a balance against 
CDF, next against CDGH, and finally against CDF again. By com¬ 
paring tho readings in tho first and third observations one can make 
reasonably sure that tho ^thermometer has reached tho tmo tempera¬ 
ture. This is a very necessary precaution, especially in sulphur point 
observations. 

When only threo observations were taken, only half weight was 
allowed to tho first and last, so ns to give equal weight to the two 
combinations of coils. 

It was oiiginally intended to take a complete sot of “fixed point” 
ohseivatioii8, ice, steam, and sulphur points, with each thermoraetei 
once a month. Tho tegular observations have lieen in reality less 
frequent than was intended, and tho intervals lietween them moro 
irregular. In addition to the regular observations there have Iteen a ( 
variety of special occasions on which ice and steam point determina¬ 
tions havo lioen mado, more especially with Kr. This thermometer 
has !>oen used in comparing occasional high-range mercury thermo- 
motors. 

fimncn of Change m Error. 

8 7 Before consideuug the main question, I propose discussing a 
numljor of possible sources of change in tho readings obtained with 
platinum thermoiucteis. An error of invauablo amount fiom a source 
external to the thermoraotcr is peihups not immediately germane to 
this inquiry, but the imaiiability of orror is a very difficult thing to 
ensure. 

Excluding obeomtional error or dofects, such ae moisture in the 
tube, which an experienced observer is likely to detect, I would chroniclo 
the following sources of troublo:— 

1. Change in the losistanco of the platinum spiralj 

2. Change in tho thick platinum wires connecting tho spiral to tho 

thermometer toiminals, or in the compensating loop imrido the 
tube ; 

3. Change in the relative resistance of tho leuds, or in the relative 

resistance of the proportional arms of the box; 

4. Change in the box coils or in the bridge wire; 

6. Faulty action of tho contact piece; 

6. Shift of tiie bridge centre; 

7. Thermo-electric currents; 

8. Heating due* to the battery current; 
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9 Enor in the temperature coefficient of the coils, or differences 

between the temperature coefficients of diffortnt coils, 

10 Change of sero or other eirot in the morcuiy thermometer inside 

the coil chamber, 

11 Failure of the box mercurj thormomotei to givo the true tern 
. periture of the coils and budge wire, 

12 Insufficient immetsion of the th clinometer 

11 Shu ness of platinum thoimomctois hi icquiruig the true tern 
pei it no 

There uc other possiblesouices of enor iffectmg only certain “ fixed 
point obsoi\ itions, and mostl) not peculiar to platinum theimometry, 
foi instinct — 

14 Impm it) in the ice usul m gotting Ito, or vambihtym the 
method of treating it, 

16 Tirol in tho birometer, whether constant or larying, or oiroi m 
the rc luction of its readings 

16 Impurity in tho sulphur used, and othoi uncert unties in the 

determinations of the boiling point < t sulphm 

17 Inoi in the formuh issmucd toi thu e tuition of the boiling 

point of aulphui with pressure 

I ha\e seen no adequite considuation of those sources of orior 
m any ticitment of platinum theimometry, and m the original 
equipment ohtuned foi Kow Ol&matoiy no piovision was made for 
the detection of most of them thus oui oxpetitnee mvy be useful to 
othois Without at least a genLnl idea of thur nature, tho leader 
would lie unable to judge correctly of the degree of probability attend 
mg the conclusions reachod, oi even of the n ituro of the evidence on 
which these conclusions ire based 

^81 piopose defernng until tho end the discussion of the ovidence 
bearing on tho first two items, only calling attention ui the meantime 
to the fact that without taking a platinum thermometei to pieces it 
would ho lery difficult, if not impossible to distinguish betwoep 
changes in the resistance of the spiral and changes m the resistance of 
the thick platinum wires connecting the spiril to the terminals The 
unalteiabdity of a platinum thermometer cannot be proved by expen 
ments on an isolated platinum spiral The connecting platinum wires 
inside the tube are by no moans of negligible resistance They ought 
to be very approximately equal in resistance to the compensator loops 
intended to neutralise their variation with temperature The lesist- 
ance of the compensator loops has been measured by Dr Harker with 
the following approximate results The data answer to a temperature 
of about 16* C 
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Table II.—Resistance of Compensator Loops. 

Thermometer . K] Kj Kg K, Kg Kg K 7 

Resistance (in ohms) 0‘20 0-22 0'15 0-15 0-21 0-20 0'22 

We may thus infer that the average insistence of the connecting wires 
is some 7 per cent, of that of the spiral in one of the ordinary thermo¬ 
meters. Thus a small differential change between these wires and the 
Compensator loop might appreciably affect the thermometer readings. 

The Cambridge Instrument Company inform me that the connecting 
wires and the compensator loop—which are of the same thickness of 
wire—arc of the samo platinum as the spiral and havo tho same 
temperature coefficient. If this were not the case a small difference 
between tho absolute resistances of the connecting wires and the com¬ 
pensator would introduce a source of orror fluctuating with the 
temperature of tho wires and compensator. 

It would, I think, he desirable to make sure that the process of 
attaching the thick wires to the fine spiral causes no change in the 
muterial close to the junction. 

Change* in the trends or in tin- Proportional Armt. 

§9 In the loads supplied to Kew Observatory one pair has the 
terminals at l»oth emls marked P, the other pair has its terminals 
marked C. This is intended to show that tho former pair should be 
attached to the terminals marked P on the thermometer head and to 
the plugs P in tho box, and that the other pair should bo attached to 
the C terminals on the thormometer head and tho plugs marked C in 
the box. Supposing this arrangement invariably adhered to, any 
mutant difference between the resistances of the leads should not 
appreciably influence the apparent resistance of a platinum ther¬ 
mometer. Supposing, however, that a difference between the resist¬ 
ances of the leads develops itsolf, then if the leads are used in the 
way indicated above, the effect on the readings is the same as if the 
platinum thermometer itself changed. 

Loosening and tightening the leads had been found oarly in tho 
investigations to be a possible cau^e of slight variations in the reading 
—owing presumably to the vajying tightness—and it may allow the 
terminals to blacken during the sulphur point experiments. It was 
thus at first thought undesirable to touch tho lead connections once 
the thermometer was attached, especially as it was supposed that if 
error were at all likely to arise in so obvious a way, provision would 
have been made for detecting and eliminating it. ITuis the matter 
did not receive consideration until 1897, when the erratic nature of 
some of the results drew attention to the fact that the leads were 
becoming w$m near the ends. 
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They were repaired by the Instrument Company, and on their 
return in September, 1897, a large discontinuity was observed in the 
values of Ko in the platinum thermometers. I then found that inter¬ 
changing the leads caused a difference of fully 1° in the reading. This 
seeming unsatisfactory, the leads were leadjusted by the Instrument 
Company, and we assured ourselves of their approximate equality, 
without, however, attempting to measure the exact difference. As 
the leads remained satisfactory to the eye, no more attention was 
given to the matter until the autumn of 1898, when a conspicuous 
drift appeared in the values of lit. Experiment then showed that the 
difference botwoon the loads was liable to large fluctuations, accord¬ 
ingly new leads were got from the Instrument Company in December, 
1898. These had been adjusted with great care, and on their arrival 
at Kew they were found to be very nearly though not exactly equal. 

Table III gives a brief synopsis of our experience with the leads. 
The quantity talnilated is the excess of the box reading obtained—the 
thermometer being in ice, steam, or sulphur vapour—when the CC 
leads woro connected to the thermometer over the reading when the 
PP leads were so connected. 


Table III.—Effect of Interchanging Leads. 


Date. 

Number 

of 

exjieri- 

ments. 

Thermometers 

Observ 

greatest 

"" 

least 

mean. 

1807. 





1-029 

[Leads adjusted.] 

1808 


KiKjEjK; 

0 

, 

Oct. J9, 20. 

Nov. 7, 8, 9, 10,11 .... 
Nov. 26. 

8 

6 

0-478 

0-650 

0-438 

0-494 

0-488 

0-617 

Nov. 28, 29,Deo. 8 .... 
[New leads.] 

Dec. 8,12,18 . 

4 

0-876 

0-366 

0-878 | 

1899. 

Jan. 24.25. 


x,k,k 7 




May 10,17. 








£* 




July 7,10. I 

Sept. 14,16,18,19, 20.. 

7 

8 

K,K, 

K.KsKsK.K^E; 

0-008 

0 044 

0 046 
0-028 

0-064 | 

0-086 I 


Each experiment consisted of at least two readings with each 
awangement of the leads. 

The resistance of one pair of the new leads was recently found 
by Dr. Barker to be approximately 0-07 ohm at atmospheric tear 
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peratiire, t>., about 7 per cent, of the fundamental interval of one of 
the ordinary thermometers. Thus a change of one-thousandth part in. 
the resistance of one of the leads would answer to an alteration of 
altout 0-014 in the quantity tabulated in Table III, or to an apparent 
shift of 0°-007 in the zero of an ordinary theimometer. 

There are various suggestive features in the table. Between 
October 18 and November 11, 1898, the difference between two leads, 
immaculate to the eye, altered steadily in ono direction by an amount 
equivalent to a change of 0”O5 m the zero of a platinum thormometer. 
Then, without apparent causo, thoie occurred a sudden alteration in 
the opposite direction, equivalent to a change of 0” 12 in the zero. 
After this very erratic behaviour the leads seem to have remainod 
practically constant for ten days. 

Next we come to absolutely new leads of the beat construction. No 
one, I think, can question the reabty of the differences betwoen the 
results of December, 1898, July, 1899, and September, 1899. But with 
the occurrence of differences of the size shown dining 1899, we must 
anticipate errors of the order of at least O’-Ol or 0°-02 in tho absolute 
readings, unless adequate provision is made for eliminating this source 
of uncertainty. 

Changes in the leads have unquestionably been the principal cause 
of tho apparent changes in the zeros of tho platinum thermometers 
during the investigation. These changes have added considerably to 
the difficulty of working up the residts. 

The difference Iwtween tho pioportional arms was recently found 
by Dr. Darker to bo less than 1/6000 of either resistance. Doubtless 
the resistances were originally made as nearly equal as possible, so that 
there is a strong prosumptiun that if any differential change has 
occurred it has lioen small. There is, howover, unfortunately no direct 
evidence bearing on this point. 

§ 10. It is only proper to remark that from some points of view 
tlow, reguUtt changes in the relative resistances either of the leads or of 
tho proportional arms are not of primary importance. Such changes, 
at least when small, are equivalent, the ono to the addition of a con¬ 
stant quantity to tho observed resistances, the other to the multiplica¬ 
tion by a constant factor, so long as the measurements dealt with 
cover only a short time during which no sensible variation ocours. 
Supposing sufficiently numerous observations made of the resistances 
Bo and m ico and steam, it is clear that the platinum temperature 
ft, given by 

pt « 100(R-Bo)/(Hi-Bo), 

would remain practically unaffected. 

But, on the other hand, the necessity of frequent zero point obser¬ 
vations is one of the drawbacks most frequently dwelt upon in the ease 
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at mercury thermometers, and it is only fair to recognise that they do 
not in this respect necessarily suffer by comparison with platinum 
thermometers. 

Coil CJuitujee. 

g 11. The box was originally calibrated at Cambridge by Mr. E. H. 
Griffiths, who referred everything to a mean box unit based on the 
eight coils H to A. Since the box came to Kow Observatory it has 
been thrice calibrated, with the aid of a convenient apparatus designed 
by Dr. Harker. The observations were made on tho first of these 
occasions by Dr. Harker; on the other two occasions mainly by 
Mr. W. Hugo, Sonior Assistant at the Observatory. I took a certain 
number of check observations during tho two last calibrations, and 
made all the calculations necessary to construct the correction tables 
based on those and on Dr. Harker’s calibration. In doing so, I 
followed Mr. Griffiths’ procedure, except in some minor details. 

The results of the four calibrations were as follows :— 


Table IV.—Coil Values in Terms of Mean Box Unit. 


Coil 

Nominal 

value 

Calibration 1 
(Sept 1898). 

II 

(Msy, 1897). 

III 

(July, 1897). 

IV 

(Mar.-Apr, 
1899). 

A 

640 

630-041 

689 -973 

039-980 

680-976 

B 

380 

320 109 

820 -003 

320 OOO 

320-090 

0 

160 

160-002 

160-023 

160-026 

160-028 

D 

80 

80 010 

80-001 

79-991 

79 991 

S 

40 

89-968 

40-037 

40 028 I 

| 40 028 

P 

20 

19-963 

20-111 

20-116 

20115 

a 

10 

9-946 

0-760 

l 9-706 

9-774 

H 

6 

4-942 

6-002 

| 6-006 

! 6-004 

I 

100 

99-967 

99 989 

99 -976 | 

| 99-426 

Mould 

n. bridge wire 

0-996 

0-993 

0-994 

0-996 


The considerable differences between the results of Calibrations I and 
II are probably mainly due to changes attending tho reorganisation of 
the box in the spring of 1897. Coil I broke at one end, and had to be 
resoldered just beforo the last calibration. 

It is improbable that the algebraic sum of the resistances of the «igbf- 
coils H to A was unaffected by the box changes in 1897, and thus tho 
mean box units in Calibrations I and II were almost certainly slightly 
different. The data obtained with the thermometers, as will be seen 
later, suggest a slight increase at this time in the mean box unit; and 
this is, at least, consistent with the apparent change in the bridge-wire 
resistance. 
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We should rather expect the resistance of the bndge wire to increase, 
especially near its centre, through constant rubbing by the contact 
piece and the figures obtained m Calibrations III ind IV somewhat 
favour this new Too much significance ought not, however, to be 
attached to the small differences apparent 
Some of the differences m the coil values in Calibrations II, III, and 
IV may be experimental errors, but the changes shown in the case of, 
at least, £ and G are I think, too large bo be accounted for m this way 
§ 12 Peihips the cloarest evidence of the reality of coil variations is 
that afforded by an examination of the thermometnc results obtained 
with the different coil combinations It would occupy too mnoh space 
to go into details so 1 merely recoid in Table V the moan differences 
between the \ dues of 1^ Ri and R, (resist mce m sulphur vapour) 
obtained with the two coil combinations used during different specified 
epochs 1 he unit in the table is 0 01 mm of budge wire, answering 
approximately to 0 001 C with the ordinary thermometeis 

In the fin'd means oquol weight is allowed to oach observation, so 
th it some thermometers exort mote influence than otheis 

During some of the epochs—especially 1895 and the first part of 
1899—the dita with any ono thoimomoter wore \ery scanty Again, 
it must be remembered that the part of tho badge wire at which readings 
ire taken diffeis according to tho theimometer usod, vnd also vanes for 
iny ono thermometer according to tho tempeiature of tho coils, the 
position of the budge centre, and the difference between the loads It 
is also different m the ico, steam and sulphur point observations, 
fluctuating considerably in tho latter two cues with the barometric 
pressure Thus the fluctuations in tho t iblc amongst the results for a 
common epoch are due to many causes 

i) 13 It is I think most instructs e to start with Calibration III 
m ide in July, 1897 Dunng tho rest of that year the results from the 
tvo coil combinitaons show almost porfeot agreement, in 1898 the 
icaults dnft apirt, and the dnft is iccentuated m 1899 prior to Cob 
bration IV Again, for some months aftor th it calibration there is an 
excellent agreement, though a tendency to dnft soon manifests itself 
Calibration II seems less successful, but it was made by an observer 
different from the ono who took tho readings on which the results in 
Table V are based A different standard of plug tightness docs not 
influence all plugs alike, and in my experience the personal equation in 
this matter requires to be reckoned with 
The data from March 12 to 19, 1897, wore so outstanding that thoy 
are given separately Tho exposed parts of the box had, I belieae, 
been cleaned shortly before, and conceivably one of the ooil supports 
may have got a stock There was, however, no suspicion of this at 
the tone Thu fa$t emphasises the necessity of a constant outlook for 
possible changes 
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A complete calibration is a laborious process, and its frequent repeta 
tion would add seriously to the work entailed by platinum thermo¬ 
metry If however the results in fable V are normal it would appear 
that frequent calibrations c m h irdly be avoided m the case of physical 
no k of the highest accuracy 

h tit y 4Uvm of the Contact Ptere 

§ 14 Parallel to the real bridge wire in the Ken resistance 1 ox tuns 
in exactly si mil ir wire connected to the galvanometer and the contact 
pieco woiks by pishing diwn a Rhort cioss wire so us to spin the 
interval between the wires In Iinuary 1898 it was notieod thit 
more moving and resetting the contact piece might alter tho leading, 
and I found that the pressure to which tho cross wire was exposed 
whon contact was m i le— ilwajs icting on the same part of its surface 
—had cut i groove in it The Instrument C impany put this to nghta 
bnt the phenomenon had repeated itself by January 1809 though to a 
smaller extent On that occasion the Instrument Company made an 
alteration which it is hoped will prevent tho recuirence of this trouble 
Jt is diflicult to keep the two par dlel wires cquilly tight and exactly it 
the same horizontal level thus tho cross wire may bear unduly heavily 
on one wire before it m«kos good contact with the other This defect 
would be of little consequence in an open scale bridge wire but in the 
Row box it produced when it its worst uncertainties of the order 
0 04 or even 0 OB, in individual leadings Of course this merely 
tended to introduce irregularity in the readings uid supposing a 
number of observations taken could h irdly simulate a chuige m a 
thermometer 


Shift of the BwUjc Centie 

§ IB By the bridge centre I me in the vormer reading when a balance 
is made with all tho plugs m their holes the platinum thermometer and 
compensator resistances being cut out by short-circuiting straps 

Tho original departure 0 006 in this centre from zero on the scale 
was given aa a fixed coirection in the fiist calibration table and as no 
provision existed for determining the centre I did not for somo tune 
properly appreciate tho situation My attention was first roused by a 
sudden appaient discontinuity in the values of Bo in the spring of 1697, 
for which tho only apparent cause was a cleaning up of the box The 
Instrument Company then supplied two short-circuiting straps, to be put 
across the CC and PP box terminals, and since then determinations of 
the centre have been made at the beginning of each observation day, 
and usually at intervals throughout it 
Soon it became apparent that during a day’s observations the 
bridge centre is apt to drift towards the minus side of the scale, the 
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I ame ride u it goes to when the ping* are dirty and have an increased 
resistance. The amount of the drift is very variable. Ono day it may 
be negligible, while the next day it may be as much as 0* 04; it is 
occasionally more than this. The phenomenon is probably partly due 
'to the fact that frequent pulling out and putting in of tho plugs seem* 
inclined to produce the grey powder already referred to. It may also 
arise from the observer’s standard of plug tightness falling off as he 
becomes tired, or from asymmotrio heating of the box through the 
proximity of the observer’s person to the minus side of the scale. There 
are probably various influences at work, some of which may be poouliar 
to the particular box. 

One cannot be perpetually taking bridge centres, so that even the 
more recent observations are exposed to some uncertainty from this 
source. 

The practice of regularly taking bridge centres was not introduced 
until 1897, and it is of course possible that there was little or no 
occasion for it in tho original box with brass plug holes. 


Thnmo-elertric Currents. 

§ 16. The principal seat of thermo-electric currents seems to be the junc¬ 
tions at the head of the thermometer; ard it to desirable to shield the 
head as much as possible fiom heated air or vapour. When a Griffiths 
key is used these currents are not necessarily a source of error, but they 
tend to increase the difficulty of taking readings. Originally it was sup¬ 
posed that the use of a Griffiths key rendered further care unnecessary, 
and no commutator was usod until after the restoration of the box in 
1897. As the Instrument Company then transferred certain terminals to 
the ke>-board, it is possible that the original box suffered but little if at 
all from the source of trouble now to bo described. 

When the commutator was introduced the following phenomena wore 
observed. When the day’s observations began the readings with the 
current d and r (direct and reversed) were usually about the same. 
After a few minutes’ observations the difference between tho d and r 
readings began to increase, and nearly always in one direction. After 
a little the difference usually assumed a fairly constant value, but con¬ 
siderable fluctuations might occur, especially if the temperature of the 
room was rendered unsteady. On the advice of Mr. W. N. Shaw the 
thermo-electric key was enclosed in a padded box. This has decidedly 
d imini s hed the evil, but it still appears expedient to take readings with 
the current both ways. Table VI shows the state of matters typical 
before and after the introduction of the protecting box. 

When the thermo-electrio effect is not eliminated the error in the 
reading is (d <x> r)/2. 

Supposing d-r to remain constant through the ice, steam, and 

VCHULXVH. O 
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sulphur point obsenations with i particular theimomotor the Bo, Ri, 
and Ii, would he wi »ng to the s uno amount so th it the fundamental 
interval and pt, (the value of pt answonng to the boiling point of 
Bulphui) would be tu iffcttod In prictice howevoi ne cannot antici 
pate so f ivounblo i contmgoncj 

Aftei some oxpuiments I found that I could at pleasure change the 
unount uul even dtu the sign of the r- l difference by heating with 
tho fingot or coiling by an urbliat one of tho taimunis of the 
Guffiths key 

Ueahng due t thi Lottery Current 

!j 17 In the Kew apparatus there is an option of two resistances, 
viz 100 and 20 ohms in tho battery circuit, and our original nutruo 
tions wore to use the 100 ohms when observing with an ordinary 
theimometer m ice uid steam, and the 20 ohms when observing at the 
sulphur point The object doubtless was to ensure sufficient galvano¬ 
meter sensitiveness at high temperatures 

In an early sulphur experiment I was surprised to find that the 
leading was about 0 07 higher with the 20 ohms in use than with the 
100 There being only a single drv cell in use, I had not anticipated a 
sensible difference Supposing the celljo (remain constant the heating 
effect would of course remain the same for a given thermometer at any 
one fixed point, and so would not mfluonoe the results immediately in 
view It seemed, however inexpelient to trust to this, and we have 
accordingly employed the 100 ohm resistance in all the regular obeerva 
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turns, merely using tbe 20 ohms occasionally to furnish data from which 
to calculate tho heating effect under the normal conditions To under¬ 
stand how this is done we must glance briefly at the theory. 

Let E be the E.M.F., R' the internal resistance of the battery, R tho 
rest of the resistance in the battory circuit. Let n be the resistance in 
either of the proportional arms, r the resistance in tho bridge arm 
containing tho platinum thoimomoter, whose spiral has a resistance p. 
Then if i denote the current in the spiral, H the heat given to it in 
unit time, we have 

U - i'/> - EV,V 4- [(R+R') (r+n) + 2ir,-p . (1). 

The hoating of course is gradual, and thooretically it might bo possible, 
by rapid, skilful manipulation of tlio tapping key, to obtain a balance before 
thore is a sensible effect. In practice, however, this is hardly possiblo 
in work of tho highest accuracy. Only by tho remotest chance does 
one hit tho lialanco at tho first attempt, and, as a rule, the key must bo 
put down a good many times. Also, unless tho key is held down a 
sensible time, a small almenco of balance may bo overlooked. Tho 
weaker however the current, tho longer the time before sensible heating 
oxists, and with tho 100 ohms in the circuit it scorns possible to got a 
fair bulance before tho heating effect is appieciablo. Thus in compaiing 
platinum and mercury thormometers at high temperatures, where 
accuracy of the order CT01 C. is usually much above what is nooessary, 
tho bridge has l»eon regarded as balanced when no movement appears 
in the galvanometer on depressing the key. 

In the fixed point observations, on the other hand, tho resistances 
have been adjusted until no movement appears on releasing tho key. 
Under these circumstances the current has exorcised its fuU heating 
effect. Tho platinum spiral is presumably heated to such small extent 
above the surrounding temperature as is required for its gain of heat 
from tho current to balance the loss by radiation, conduction, &c. Wo 
may pretty safely assume that this excess of temperature is proportional 
to tho hoat given to the wire, but it must also depend on the specific 
heat of the platinum, on its radiating and conducting power, and also 
conceivably on tho shape, dimensions, and material of the enclosing 
tube. I understand that several authorities* have proposed to keep 
constant in the spiral by suitably altering tho battery resistance. This, 
however, as the above reasoning shows, cannot secure constancy in the 
temperature exoeea of the spiral at all temperatures. 

§ 18. The application of the formula'(1) presents difficulties. We 
know—at least, very approximately—the resistance r t of the propor¬ 
tional arms, and the resistance p of the spiral, at any “ fixed point “ 
temperature, but it is not customary to measure directly the rerist- 

* For butenes, Wtidaer end Msllory, 1 Phil, Msg.,' July, 1899, p. 14. 
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once r It exceeds p by an amount equal to the reustanoe of the 
leads including, the thick platinum wires inside the thermometer tube 
The mean temperature of these latter wires dopends partly on the 
temperature of the spiral partly on the length of tube immersed, and 
partly on the temperature of tho external air Of course we can 
measure r on any given occasion, but its fluctuations would be considei 
able under normal conditions My object being rather to get a fairly 
exact geneial idea of what to expect under the varied conditions of 
normal use than to measure the phenomena with extreme exactness 
under an aibitruy set of conditions I have aocepted for » p a rough 
approximation good enough for my special purpose 

The internal lesistance of a dry cell varies very much according to 
its freshness I have thus made two calculations in which this resist¬ 
ance R is t iken as 0 and as 5 ohms i espectively The latter figure 
actu illy applies to the later experiments on the relative heating m ice, 
steam and sulphur vapour while the formor answers sufficiently to the 
case of a now cell 

Iho L M F of a dry cell falls off in time though not to a very large 
extent and for our present purpose such a change does not concern us 
W o do not need to know the vulue of H os gi\ en by (1) m absolute 
measure but only the rel itive v dues of H with varying p and r, but 
with const uit I and »i 

In the followuig calculations I have supposed »i - 6—the propor 
tionul arms haung each a resistance of 6 ohms—and for an ordinary 
thermometer p = 2 6 in ice, 3 6 in steam and 6 8 in sulphur, while 
r-p — 04 for Ko wo have p-* 6 45 m loo and 8 96 m steam Thecalcu 
1 ited values of (H/L rf) x 10 7 arc given in Table VII 


Table VII—Values of (H/E^*) x 10 7 


Fixed 

R 

Ordinary thermometer* 

x, 

R-100 60 40 80 20 

Difference 

20 sad 100 

R — 100 20 

Difference 

20 and 100 

loe 

-f 0 

38 100 212 867 720 

682 


_ 


16 

34 — — — 491 

467 

87 484 

447 


fo 

41 107 226 876 744 

708 

_ _ 

_ 


16 

87 02 182 286 618 

476 

86 487 

404 


JO 

41-— 681 

640 

_ _ 

_ 

Sulphur 

le 

87 - 478 

441 

— 



The most striking features m the table are the comparative 
of the difference^ between the supplies of heat at the three fixed 
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points, with a given value of B', and the relatively largo effect of an 
yMirinn of 5 ohms to the battery circuit when the rest of the resistance 
is only 20 ohms. 

No very serious error would arise from treating the heat supplied as 
independent of the temperature, at least up to 446° C., so long as there 
is a large resistance of the ordor of 100 ohms in the battery circuit; 
and under these conditions a moderate change in tho resistance of the 
battery itself is not of much consequence. 

g 19. At any one fixed point, as already stated, we may reasonably 
expect the rise of temperature of the spiral to be proportional to tho 
supply of heat. It is desirable, however, to check this conclusion by 
experiment. I thus compare in Table VIII the above theoretical 
results with some experiments made with thermometers Kj and K ft at 
the steam point in June, 1897. In these the additional resistance in the 
battery circuit—beyond that of the battery itself—was given several 
values intermediate between 20 and 100 ohms. 

Assuming 

Heating cffoct/heat supplied = C, a constant, 

I determined C by equating tho observed and calculated values of tho 
difference of the heating effects with the two extreme additional resist¬ 
ances 20 and 100 ohms. This quantity is denoted by Ha, - Hjno, and 
a similar notation is employed for the other similar difference effects. 
The differences in the table are really lengths of bridge wire, but for 
practical purposes they may be treated as temperatures. 


Table Vin. —Heating Effects of Battery Current at Steam Point. 


j. / OatoutaUdj 
lOtaervrt •• 

v J Calculated | 
totaerved ... 

H'. 

6 

0 

6 

H„—Hu*. 



H.-Hu* 

Hup- 

H ~ ! H- 

H»* 

0-166 

0-186 

in nr 

hi sr 

5 015 
0-016 
0*018 

0*017 

OOJJ 

| ouw 

■roio 

0-013 

0 011 
0*014 

5 02ft ! 5-OftS 

0*033 0 003 

1 

o-tflsiooee 
ones, o on 

& 0M 

ooeo 

0 090 
0111 

0 176 

0 178 

0 iM 
0190 


The resistance of the battery itself was not determined on either 
occasion; but from the largo sire of the heating effoots compared to 
those of later experiments with an older cell, I am inclined to suppose 
that the resistance was nearer 0 than 5 ohms. The values calculated 
with B' - 5, however, unquestionably present the closest accordance 
with experiment In fact, taking into account the difficulty of the 
experiments, the agreement in this case is altogether too good, and 
must be largely a matter of luck. However this may be, there is, I 
think, every reason to suppose that the values deduced for the heating 
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effects Hioo, &c., with the additional battery resistances 100, &&, are a 
very fair approximation to the truth. There seems littlo doubt that 
with a fresh dry cell the reading at the steam pornt is raised fully the 
hundredth of a degree, even with 100 ohms m the battery circuit If 
20 ohms only were inserted, the heating effect would amount to nearly 
two-tenths of a degree. In this latter oi ent, an increase of 6 ohms in 
the battery resistance would lowor the olwerved value of Ri by about 

o’-oe c. 

§20. We have next to consider the relatne taluos of the heating 
effects at the three fixed points. These hat e been determined by a 
series of special determinations of the values of H* - II l(H) . During 
the majority of the experiments the liattory lesistnucc was approxi¬ 
mately constant, and not far from 5 ohms. The following tablo 
gives the obsotvod values of the ratios 

(Use - Hu# at steam point)/(Hjo - H )u( ) at ico point) 
and (Hjo - H 100 at sulphur point)/(11 - ll lw at ice point) 

for the several theimomoters, as well as the values calculated from 
Table VII for the ratios of tho hoat supplies. 


Table IX.—Differential Heating Effects at Ice, Steam, and Sulphur 
Points (found experimentally). 



K,. K*. K, Ki 

Kj K- 

Mean 
K, toK, 

K P 

Steam 'ice .... 

1 O -77 0 77 0*74 0 75 

0 67 0 75 

0-74 

0-64 

. 

Ratio of heat ntpphe *.. . 

fK' - 0 
• • til' - 5 

103 

1 04 

0 90 

Salphur/ice... 

. 0-88 0 20 0 17 0 40 

0 "42 0-20 

0-31 


.. 

. | Ratio of heat tuppliet ,. , 

JR' - 0 
•” “ 6 

0-04 

0*97 



Tho table is basod on eighteen experiments comparing tho (steam/ice) 
ratios, and oight experiments comparing the (sidphur/ico) ratios. In 
most cases the several steam/ice observations with tho ttame thermometer 
showed a remarkably good agreement, but tho results with Kg and Kt 
were less harmonious than the others. The sulphur/ice observations 
were so few that little weight attaches to the rosnlts for the individual 
thermometers; but the final mean should not be much in error. The 
highest value of the sulphur/ice ratio observed was 0‘42 in the single 
experiment made with K* A considerable number of heating experi¬ 
ments have been mr^de in sulphur, but I have employed in Table IX— 
as in the case of stepm—only those which were made on the same day 




Platinum Thermometry at Kew Observatory. 28 

as a corresponding experiment with the same thermometer in ice. This 
is necessary on account of possible changes in the resistance of tho 
dry cell. 

At the sulphur point the heating effect is only about one-third of 
what it would be if it depended only on the value of t l p in the spiral, 
and even at the steam point the heating is less than three-quarters of 
what it would be on this erroneous hypothesis. 

g 21. If the hoating effect due to a given i ~p weto the samo at all 
temperatures, Tables VII and VIII would justify tho conclusion that 
with 100 ohms in the battery circuit all that is to be fcaiod is a trifling 
fall, of the order 0°*003, in the apparent zero Ko as the cell deteriorates. 
But, according to Tables Vlif and IX, tho true conclusion is that even 
with 100 ohms in circuit tho heating effect is bkely to diminish the 
fundamental interval by several thousandths, and the ice-sulphur 
interval by not much loss than a hundredth of a degiee. Tho use of 
20 instead of 100 ohms in sulphur point obsoivations would largely 
increase the uncertainty. 

The changes in R*-Bu and - Ho, due to varying heating effect, 
are in tho same direction, so that tho effect on }>l, is relatively small, 
and, in view of tho numorous unceitamtics existent, I have not thought 
it worth while to attempt a “reduction to an infinitely small current.” 
It is clear, however, that unless tho current can bo materially reduced 
by the employment of a more sensitive galvanometer, the necessity of 
providing for this reduction must be kept m view in all work of the 
highest accuracy. 

Before quitting the subject, I would remark that the diminution of 
the heating effect of a given t 3 p as the temperature rises is only what 
we should expect from tho known bieroase with temperature of both 
specific heat and radiating power. It is possible that heating effeot 
experiments with thermometers of other metals than platinum, or with 
spirals of varying gauge of wire, might prove a useful method for 
investigating radiating power. 

Error in the Temperature Coefficient of the Coils or Diflu races between the 
Temperature Coefficients of Different Coils. 

8 22. The standard temperature selected by Mr. Griffiths was 20° C., 
and he found for the relation between the resistance r T of a sample of 
the ooil wire at temperature r, and its resistance r«v at the standard 
temperature, 

r T - r„ [1 + 0-00026 (r - 20) ] . (2). 

All temperature corrections have been deduced by (2) since the bo* 
came to Kew Observatory. 

Suppose after the calibration corrections are applied that the 
observed box reading makes p the resistance of a certain platinum 
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thermometer when the coil* and bridge wire are all at temperature t, 
then, referred to the mean box unit at 20° C, the true resistance is 

by (2) 

p [1 + 0 00026 (r-20)], 
ind thus the pi oper temperature correction is 
0 00020 (r-20)p 

Now suppose 1* the true resistance at t of a platinum thermometer 
whose true resist ince at 0 is Eo, and whose fundamental interval is I 
Then the platinum temperature is 

if- 100(B,-Bo)/I (3), 

and corresponding to any correction (or error) AH,, arising from a 
cause other than enors in Ko or I, we have for the collection (oi error) 
in pi the f ormul i 

Apt - AR,(100/I) (4) 

bupposing (2) correct, and the box at tempei ature t, we must have m 
order to balance the bridge 

R, = p[l +0 00026 (r-20)] (5) 

If then A jl is the correction to pi arising from our application of a 
temperature collection to the box ro idinga, we have 

Apt - (100/I)p x 0 00026 (r - 20) (6), 

where p, like I, is measured m mean box units 
For one of the ordinary Kew thermometers the following are suffl 
ciently near a dues for purposes of illustration — 

Ioe point Steam point Sulphur point 
P - 268 368 678 

Corresponding to these representative values, with I - 100, we have 
Ice point Steam point Sulphw point 

Apt •» 0067(t-20) 0093(t- 20) 0176(r-20) 

Using Callendar s formula, 

t-pt — 8[(</100) J -</100] (7), 

we have for the small increment Af on the air scale corresponding to a 
•mall increment Apt on the platinum scale 

At — Apt — [1 - 10-< S<2< -100)] (8) 

Assuming fdr the sulphur point on the air scale Callendar and Griffiths’ 
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vgluo, t, ta 444 s *03, then in the Kew thermometers, as will be seen 
later, 8-1-5 nearly, and we have approximately 

At the ice point Af - A ,pt x 0-985 - 0 006 (r - 20), 1 

„ steam „ Ai = Apfx 1-015 - 0-094<r-20), f... (9). 

„ sulphur „ A< = Ap/x 1-134 - 0-200 (r-20) J 

g 23. Supposing that wo aim at an accuracy of 0°-001 C., and are 
able to keep our coils within 1° C of the standard temperature, then it 
will suffico to know our temperature coefficient correctly to 1 part in 
66, to 1 part in 94, or to 1 part in 200, according as the “ fixed point ” 
concerned is the ice, steam, or sulphur point 

Accuracy to 0*001 C. at the boiling point is not a very extravagant 
aim, and it thus appears desirable to know the temperature coefficient 
correctly within 1 per cent unless wo can keep nearer than 1“ to the 
standard temperature. From correspondence with Mr. Griffiths, I 
found that he did not anticipate bo high n degree of accuracy as th« in 
his determination of the temperature coefficient, and as a matter of fact 
two fairly complete experiments by Dr. Harker havo given values from 
0-00025 to 0-000245 for combinations of soveral of the actual box 
coils. 

The allowance of a departure of 1° C. from tho standard temperature 
is a narrow one, except under specially favourable conditions. A good 
thermo-regulator, no doubt, can control tho gas Biipply with consider¬ 
able accuracy, even under unfavourable conditions; but what the 
thermo-rogulator controls is its own temperature. That temperature is 
probably in general close to the moan temperature of tho immediately 
surrounding water. But supposing, as may happen in the platinum- 
thermometer room at Kew, that tho air temperature is only 14' one 
day and 19* the next, then tho temperature of the coil chamber will be 
much higher on the second day than on the first, supposing the thermo¬ 
regulator to have been loft untouched. One cannot tell in advance 
what is going to happen during the night, and if one finds in the morn¬ 
ing the box thermometer indicating 17* and attempts to bring it up to 
20*, then either a long time is wasted in waiting during a very gradual 
rise, or else one is very uncertain as to the uniformity of the tempera¬ 
ture in the coil chamber. 

Again, in summer the room may bo at 22* or 23°, or more, and the 
only simple way of keeping the coil chamber at 20°—via., constant 
supplies of cold water in the bath—would probably introduce uncer¬ 
tainties greater than those it removes. 

On the whole, experience at the Observatory suggests that it is best 
to keep the box nearly at the temperature of the room, so that seasonal* 
variations of r between 17*-5 and 22"-5 havo been oommon. Supposing 

• la the oourte of* single day'e experiments the te 
only a few teethe of a degree. 


i usually 
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r - 20 = 2" 5, an error of 0 per cent in the temperature ooeffiennt 
would introduce the following errors in t — 

Near 0° C New 100° C Near 446° 0 

0 008 0 013 0 025 

The above remarks suppose that wo are tontei ned as in the Kew 
experiments, with the alt Me value of the pi it mum thermometer 
resistances, and have to do with ohscuations taken on different days 
In ordinary thermomotnc work unceitaintics in the temperature 
coefficient would Ixi much less serious supposing one to doteimino the 
fundamental intci val <1 uly and to combine together only such obsorva 
lions is ire taken on tho sirae dty Undei such circumst ineos it 
Mould not m ittor how far lemoved from JO the tomperatiue was, oi 
how much m eiioi tho temperature coefficient w is so long as the tern 
peratnre of the coils w u, strictly constant Unless however, the room 
containing the platinum thcrniomctois is kept it a constant tempera 
ture artificially oris exceptionally situated its dim nil range of tem 
poi Hurt will sol h m lie umppi triable 

Another souico of unceitainty is Iho possibility f diffei cnees between 
the temperature (oeffioicnts of tho dittorent box c >ils m between those 
of the two propoitiond urns Such diffeienoes hue not been observed 
at Kew but there has been hardly my duect experiment and the com 
puison of the itsults flora two coil eoml mati ms such as GDF and 
C DGH, in which only tho small coils are diffeicnt does not afford i 
delic ito test 

As a difference between tho temperature coefficients of the propoi 
tional irms was suggested by the Gimbndge Instiument Gompiny is i 
possible explan ition of somo phenomena (due, however, to some othei 
ciuso), it is presum ibly a contingency which shoidd not be dis 
legardod 

rrror m the temperature coefficients, it should lie noticed, would 
only introduce irregularity into the results of tho Kew experiments 
It might conceivibiy introduce an appirent season il variation in Bo or 
m the fundament d interval, but could hardly simulate a true secular 
change 


Change if 7era <n other Fnor in the Wcintry Tlurmounter inside the Coil 
Chambet 

S 24 An orroi of 0° 1 C in the estimated temperature of the ooils 
affects the calculated temperature m tho case of ono of the ordinary 
Kew platinum thermometers by 0° 007 at 0" C, 0 009 at 100" C, and 
0* 020 at 445° C 

Thus for accuracy of the order 0° 001 at 100* C oi 0“ 002 at 445° C, 
the temperature of the coils must be known to 0" 01 C An ordinary 
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un calibrated mercury thermometer, even with an open scale, cannot 
be relied on to give tempeiature differences to this degree of accuracy 
under the most favourable conditions. 

The thermometer in use in the Kow box is a good calibrated one, 
and errors in its graduation are unlikely to exceed 0" - 01. It is, how¬ 
ever, subdivided only to fifths of a degree, and individual readings 
cannot cLiira an accuracy of 0 01. 

Fortunately, errors m reading merely introduce irregularities in the 
results, and so arc not of fundamental importance in tho present 
inquiry. 

A more subtle source of trouble is the secular change of rero, normal 
to mercury therniomototB. A iise of 0°-l in the zero—which is not 
very much m excess of what actually occurred during the four years 
occupied by the experiments—would, m fact, exactly simulate a rise of 
0° 007 in the value of Bo. 

In tho ordinary use of platinum thermometers, at least when there 
are moderately frequent observations of Ko. the circumstances are 
different. Tho slow secular change of zero in the mercury thermo¬ 
meter is then of little moment, while great importance attaches to tho 
accuracy of the individual readings. 


Failure of the Box Hereto y Thermometer to give the True Tem/kraturt of the 
Coils and Btulge IVuc. 

§ 25. If tho room temperature is below 20' C., and artificial heating 
is employed, we may have a practically stationary reading on the box 
thermometer, and yet find it diffeimg by seveial tenths of a degree 
from a second thermometer whose bulb is at a different level in the 
coil chamber. Under such circumstances the temperature inside the 
coil chamber also varies with tho distance from the side or end 
walls. 

The coils are of various shapes and diameters, some coming much 
nearer the top and bottom of the coil chamber than others, and they 
are necessarily at different distances from the ends. Thus, under the 
conditions specified above, different coils may possess different mean 
temperatures, and the temperature given by the mercury thermometer 
may differ sensibly from that of any one of the coils. Even with no 
artificial heating of the box, the temperatures at different parts of the 
coil chamber may differ by several tenths of a degree, when the room 
temperature is changing moderately fast In such a ease the presence 
of water in the protecting tank seems a positive drawback, as it makes 
the temperature of the coil chamber lag behind that of the rest of 
the room. 

When the temperature of the coil chamber is altering, whether 
thronsrh artificial tlMh’nc ft, Atlimraaa ft,. ~v{l. .it.. 
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their temperature at different rates, and unless the mercury thermo¬ 
meter is specially chosen it may have a greater or a smaller lag than 
any one of the coils. The mercury thermometer used in the Kew 
box, like most open-range thermometers, contains a considerable 
quantity of mercury, and when the temperature changes fast it lags very 
sensibly behind the coils. For instanoe, in some special steam point 
observations with Ki, when the recorded box temperature rose 2°*8 in 
twenty minutes, the rm retted bridge-wire reading fell about 0 o, 06, 
instead of remaining practically constant as it ought to have done. 
The figures really show that the tomporaturo of the box thermometer 
had lagged about 0°'7 C. behind that of tho coils in use. This of 
course was an extreme case, and under ordinary experimental condi¬ 
tions the difference between the temperatures of the box thermometer 
and the coils is hardly likely to exceed 0“‘3, and is probably seldom 
half this. Nocossarily, however, a good deal depends on tho depth of 
the bulb of the thermometer inside tho coil chamber, and any alteration 
of that depth should be carefully avoidod. 

§ 26. The temperature of tho bridgo wire is opon to much greater 
uncertainty owing to its relatively exposed position. Tho whole bridgo 
wire resistance in the Kew box is fully 30 box units, and if this 
wore all on tho platinum thermometer side of the Wheatstone bridgo 
the error arising from the assumption that it possesses the temperature 
of the box thermometer would be approximately 0 ' 008 t, whore t is the 
error, in degrees Centigrade, in the temperature assigned. 

As r may easily amount to several degrees, an error of several 
hundredths of a degree might easily creep in from this cause if one 
used a large fraction of the bridge wire. Theoretically it is possible 
to keep the bndge-wire reading within 5 units of the bridge centre,* 
thus reducing tho uncertainty to less than one-sixth of that existing 
in the extreme case supposed. This, howover, has not been compatible 
with our practice of employing the same coil combinations for all the 
thermometers of the same pattern. 

Even with the drawback of temperature uncertainty it is often 
advantageous to make u liberal use of the bridge wire. It facilitates 
finding the balance, und in work such as the comparison of mercury 
thermometers at high temperatures, where rapid reading is essential, it 
is a great convenience. 

It is thus highly desirable that the bridge wire should be better 
protected than in the Kew box, and that its temperature should be 
measured directly. 

Insufficient Immersion. 

§ 27. Supposing a correct mercury thermometer to be immersed in 
ioe up to the reading -10° C. on the stem, there is a oolumn 

* Thi* wu the policy recommended by Mr. Griffith* originally. 
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of mercury of about 10 -degree divisions exposed to the influence 
of the surrounding atmosphere, whose temperature is, say, 20 * C. 
This emergent column possesses a mean temperature somewhere 
between 0 * and 20 °, and so occupies a larger volume than if all were 
at 0’; on this account alone the thermometer must read too high. The 
emergent column has a second influence tending in the same direction; 
it serves, conjointly with the glass tube, as a path for the conduction of 
heat to the bulb. In high-temperature measurements the error due to 
a long emergent column may amount to several degrees, the thermo¬ 
meter in this case reading too low, The conduction along the stem is 
usually much the less important influence of tho two. 

A platinum thermometer is not wholly free from immersion diffi- 
culties. It is not suflicient to have the spiral inside the bath or chamber 
whose temperature is desired, so that the defect in a platinum thermo¬ 
meter is most analogous to the second source of error described in fhe 
mercury thermometer. 

If, for instance, a platinum thermometer is buried in ice to only a 
little over the top of the spiral, the tube emerging in a room at 20’ C. t 
the heat communicated to tho spiral through the surrounding air or 
through the connecting wires raises the reading appreciably. Similar 
insufficient immersion in the hypsometer sensibly lowers the reading. 

It was difficult to settle on a suitable basis- for comparing the effects 
of insufficient immersion in the different platinum thermometers. The 
spiral is wound on a mica frame, and usually one of tho small mica discs 
which hold the wires apart is situated immediately above the top of the 
frame. When this occurred I have taken the 14 bulb ” of the thermo¬ 
meter as extending to the first mica disc; but in one case, whore the 
interval between the first disc and the frame was considerable, I took 
instead the top of the frame itself. As a rale, the spiral stops short of 
the top of the mica frame by about f cm.; so the definition is at least 
a lenient one to platinum thermometers. 

The tubes of K*, Ka, and K 7 being of transparent glass, tho length 
of the “bulb” was visible from outside; but in Ki and K 4 the tubes 
had to be taken off to allow of the requisite measurements being made. 

In the immersion experiments in steam the thermometers were 
earned in the usual way by a cork, about 3-25 cm. long, fitting the 
neck of the hypsometer, and the immersion was counted up to the 
lower face of the cork. Thus fully 3 cm. of tie tube immediately 
above the portion exposed to the steam was protected from direct 
cooling by the air, 

§28. Table X gives particulars as to the results obtained. It 
includes the errors observed with the various immersions, measured on 
the hypothesis that an immersion of 11 bulb ” + 10 cm. was in all cases 
sufficient. It also gives the lengths of the 44 bulbs,” and the mean tem¬ 
perature in the room during each series of experiments with each 




when “bulb” only 
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t her mometer. This last information is of most consequence in the case 
of the experiments in ice, because the errors must then increase as the 
temperature of the room rises, and during tho immersion experiments 
the room temperature was much below its ordinary summer value. 

Some of the figures aro basod on two or three complete independent 
experiments, but others depend on only one experiment. In most 
eases there were in addition several chock experiments, with only two 
or three different immorsions, but I have left these out of consideration 
in constructing the tablo. Tho rcaidts cannot claim any very high 
degree of precision, because it is difficult to secure uniformity in the 
conditions, more especially when tho immersion ir in wo. Tho difficulty 
is greater the loss tho immersion. When the “bulb ” only is immersed 
in ice, the reading after attaining a minimum usually rises somowhat 
The phenomenon seems mainly due to molting of the surfaco ice, with 
consequent deterioration of contact lwtwecn it and the thermometer, 
but possibly a difference in tho circumstances under which tho thick 
platinum leads and tho compensator wires cool may possess some 
influence. In taking the minimum readings, as I hnvo normally done, 
I have of course, if anything, favoured the thormometers. This has 
also been done to some small extent in assuming that “bulb ” + 10 cm. 
is in all cases ample immersion. As a matter of fact, an unmistakable 
difference was observed ill tho reading of several of tho thermometers 
when tho immersion was increased from “bulb” + 10 cm. to “bull)” 
+ 12 5 cm. This difference was not, however, always in one direction, 
tho phenomena in one case distinctly suggesting that cooling an 
additional 2'5 cm. of tho compensator wires had more effect than cool¬ 
ing an additional 2-5 cm. of tho platinum loads. 

Tho experiments are not sufficiently varied to justify any too con¬ 
fident explanation of the causes of tho large differences betweon the 
different thermometers. Thus tho pre-eminence of tho orrors in Kj 
might at firet sight lie attributed to the fact that the tu1>o is of porcelain 
and of exceptionally large diameter; but Ki is also of porcelain, while 
Ko has a much larger diameter than K;. Perhaps tho most probable 
explanation is that K 4 is short for its tube, so that tho mica frame — 
which is exceptionally short—only -comes to within about 1 cm. of the 
end of the tube. 

Ceteris panlmi, wo should expoct that with a given immersion, tho 
error would vary approximately as the difference between the tempera¬ 
ture of the immersed portion of the tube and that of the air of the 
room, hut to confirm or refute this conclusion would require a consider¬ 
able number of careful experiments in which either the temperature of 
the bath or that of the room alone is varied, all the other conditions 
remaining unchanged. We cannot make use of the experiments in ice 
and steam for this purpose, because the conditions under which the 
transfer of heat occurs are radically different. We can meantime only 
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note as an isolated fact that tho immersion errors were only about 
50 per cent, greater in steam than in ioe, whereas the difference between 
the temperatures of the room and the immersed portion of the ther¬ 
mometer was about six times as largo in tHe former case as in the 
latter. 

It may bo only a coincidence—but if so it is a very curious one— 
that in the mean results, both in the ice and steam experiments, the 
errors diminish in geometrical progression as the immersions increase in 
arithmetical progression. 

An addition of 1 25 cm. (iono-quartor the length of the “ bulb ”) 
lowers tho error almost exactly one-half. 

§ 29. Returning to tho general question, we soo from Table X that 
the immersion should be at least 10 cm., in addition to tho length 
of the “bulb”; in all, in tho Kew thermometers, at barf 15 cm. 
(6 inches). 

If the wholo length immersed is less than 6 cm., the error in an ice 
or steam point experiment is unlikely to be much under 0°‘l C. j and 
until tho total immersion exceeds 10 cm., tho error is likely to exceed 
0°-01 C. 

In “ fixed point ” experiments it is usually easy to have an immersion 
exceeding 15 cm., and tho main results dealt with in this paper are, I 
believe, free from appreciable uncertainty on this ground. 

There are, however, other circumstances under which immersion 
difficulties arise, as for instance in the comparison of mercury ami 
platinum thermometers at high temperatures. 

Unless both the material of the bath and the contained liquid aro 
transparent, we must have the divisions of the mercury thermometer 
which we have to read emergent. But with ordinary stirring it is also 
essential, except in a specially protected bath, that the bulb of the 
mercury thermometer and the spiral of the platinum thermometer 
should ho about the same level. These conditions are often inconsis¬ 
tent with sufficient immersion of the platinum thermometer when we 
are comparing tho lower part of the scale of the mercury thermometer. 
In fact, my attention was first directed to the question of immersion 
of platinum thermometers through -the unexpected result that raising 
equally the height of K? and a certain mercury thermometer in a bath 
of molten metal lowered the reading of Kj most. 

Another case where insufficient immersion is to be feared is in the 
determination of melting points of metals such as silver. The erncible 
supplied for uso with melting silver at Kew would, if full to the lip, 
allow an immersion of only 10 cm. in all. As the silver is stirred 
during part of the experiment, and is too precious a material to splash 
all over the furnace, the immersion cannot well exceed 9 cm., and may 
be considerably less. 

It is by no means impossible that insufficient immersion may have 
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been accountable for the fact that the mean value* of the melting 
point of silver from experiment* by Mr. Hugo and mywlf (six in all) 
were only 958"-2 0. with Ki and 957°'5 with K a ; while Mr. Heycock 
and Mr. Neville, at Cambridge, found 961“*1 C. with tho same sample 
of silver but a different thermometer. This is 2* abovo tho highest 
individual observation at Kow Observatory. 

Slowness of Platinum Thei mometers tv Aequtrtng the True 
Tempo ature. 

§ 30. When a mercury thermometer is taken from a room at ono 
constant temperature into another room at a different constant tempera¬ 
ture, some time elapses before the reading becomes steady,; while, if 
the temperature of the surrounding medium altera, tho thormometer 
shows a lag which varies with tho thickness of the glass walls and the 
amount of mercury iu the bulb. 

As we have seen, the naked coils in the Kow resistance box have a 
smaller lag than an ordinary mercury thermometer, but it is otherwise 
with platinum thermometers. Here the wire does not come into direct 
contact with the external medium, and the attainment of the steady 
state is somewhat slow. 

Experiments have been made with somo of tho Kow thermometers 
which have liecn suddenly transferred from a hath about 15“ C. into 
ice, or into a hypeometer in which the water is frooly boiling. Tho 
interval, in seconds, was obsorved which elapsed before the bridge-wire 
reading came to 1°, 0“'5, or othor fixed distanco of tho final stationary 
position , this position had boon found in a preliminary experiment. 

In all cases die immersion was similar to that of the ordinary fixed 
point experiments. 

Two mercury thermomotora, Nos. 686 and 750, woro experimented on 
in an oxactly similar way for the sake of comparison. They are both 
Kow standards of the following dimensions :— 



Length of , 
fundamental 
inteml. 

Distance of lero 1 
mark from lower 
end of bulb 

Length 
of bulb. 

Diameter 
of bulb 


cm. ! 

cm. 

cm. 

cm. 

1 KJ9.686.... 

as’ ! 

SI 

S-5 

0-6 

j KJ9.780.... 

S3 

8 j 

I'D 

0-5 


I have not thought it necessary to go into full details of the observa¬ 
tions. The following table gives the number of seconds required to 
get to 1* and 0‘*8 of the stationary temperature in ice, and to 1*, 0“‘5, 
and 0*‘25 of the stationary temperature in steam. It was found that 
VOL. LXVII, D 
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the rapidity of attaining the steady state in ice depended greatly on 
the tightness of the packing and tho moistness. Thus, particulars 
are given of experiments made with tho ice variously treated— 


Table XI. 


_ 

" 

~ 


ii 







A.......I, 

As usual, 


Mixed with 

Steam. 


but not 
packed tight. 

tight. 

moistened 

a ^oud deal 


Thermometer . 

v. 

0“*. 

1® 


1°. 

o»-s. 


0 “- 8 . ' 1 ®. 

O’ 5. jfl®-* 

K, .. 

k* r • 

XS tws. 

K S. 760 

M 

m 

182 

38 

no 

48 

.11 

s 

Si 

M 

44 

M 

= 

ss .n 

— 51 

- 65 

44 M 

81 — 

V ‘ m 


Most of the data are based on at least two experiments. The 
different experiments with any one thermometer in steam wore in good 
agreement. The agreement in tho ico experiments was pretty fair 
when the ice was moistened or was tightly packod; when, however 
tho ice was not freshly moistened and was only loosoly packed the 
results were very variable. The intervals 1°, 0” 5 wero generally only 
approximate, and to elucidate the exact law of cooling or heating 
would require a more complete investigation. The data are, however, 
exact enough for general conclusions. 

Tho most striking fact is the extremo slowness of all the platinum 
thermometers as compared to the two mercury thermometers; and it 
should be noted that these two thermometers are not of a type intended 
to be rapid. 

To get within 1' of the steady reading, the temperatures of the 
thermometers had to alter about six times as much in steam as in ice. 
The times required for these two changes aro pretty much alike in all 
the platinum thermometers, supposing the ico tightly packed, as it 
usu illy is in the normal experiments. Thus the approach to the steady 
state is decidedly slower in ice than in steam, and a longer time must 
be allowed in the former case than in the latter, 

§ 31. Some rough calculations, based on the observations with Ki, 
s ummari sed in Tqble XI, point to the conclusion that S B minutes’ im¬ 
mersion in ico and ,2-5 minutes’ immersion in steam would suffice to bring 
the reading withfy O’OOQS of its stationary value in the case of this 
thermometer. KAand Kg are decidedly less rapid, and I should con¬ 
clude that ten minutes’ immersion in well-packed ice and five minutes’ 
exposure to steam \se by no means very excessive Allowances in the 
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case of an average platinum thermometer It has been customai y at 
Kew to allow a fully longer immersion than ton minutes in ice before 
t iking the first reading, and I think that in the case neither of the ice 
nor the steam point observations h is there been any sensible error 
through oxeessive hurry 

At the sulphur point the attainment of the steidy stite is a tedious 
process Headings t iken with the short-stem thermometers Kj and K 4 
within thirty or forty minutes of their first exposure to sulphur vapour 
had nearly always to be rejected bung conspicuously low One h id 
m fact to allow about in hour with these theimometirs Fvcn with 
the long stem thermometeis whether gliss 01 portclun it leist firty 
minutes exposure to sulphui v ipoui w is found desirable A good dt il 
depends on the gas supply and on the qu ility of the Bimsen biu nor 
used 

In some of the sulphur point expenments it Kew it is open to doubt 
whether the stationaiy tempeiaturc hi! letn ilsrlately attained lut 
I do not think my senous unceiUnity w is intro lured m this way 

I npnitij in tin I r i rl t/t /««»/»/ R tin tihtif in, the WUh l J 
hrattnj ft 

^ 12 The lu employed at Kow Olisuv ituy is supplied in laige 
blocks which ire w ished prior to use As the testing of thermometers 
m ice is i frequent occurrence the assist nits hue no lack of experience, 
and since a planing machine was introduced some yens ago the ice as 
piepaied has lieen voiy unifoim and finely divided lhe ice employed 
in tie platinum thoimomotry has lieen taken hom the supply used in 
the ordinary test work, and is the punty of this is frequently checked 
by observ itions with Kew standard theimometeis no senous impmity 
need bo fcaiod rho check would, I allow lie hardly adoquite to 
settle a question of two or throe thousandths of a degree, and no doubt 
for work of the highest icourocy a more stnngent test would lie 
desirable Strong confirmatory evidence of the unifoim punty of the 
ice is i(forded as will lie soon presently by the small \ inability in the 
observed vilues of the fundimental uitervils of tho thermometeis 

The method of preparing and moist* nmg tho ice sooms to exeit i 
small but sensible influence on tho Uji ft zero readings of meicury 
thermometers, possibly because the amount of the depression must he 
influenced by tho rate of cooling There seems, however, to be very 
little if any effect on the rero reading of a platinum thermometer, so 
long as the immersion is ample atul the temperature of the room is 
moderate 

Ertortn the Barometer 

fc8S Ordinary errors of leading, lag, or improper temptlature 
correction would morely introduce irregulanties into the calculated 
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boiling points; but an undetected change of zero in the barometer, or 
an alteration in the method of reduction, would simulate a change in 
Iti and R„ the same for all the thermometers. 

After the first few observations the Royal Society’s old double tube 
mercury barometer—repaired some years previously by Messrs. 
Nogrotti and Zambra—was set up in tho platinum thermometer room, 
and it has since then lieen used in all the steam and sulphur point 
observations. A recent comparison between it and the Observatory 
standaid barometers shows that no certain chango of zero has occurred 
since it was sot up. The surface of the mercury m tho cistern of the 
barometer is about 6 inches lower than the surface of the water in 
the hypsometer, anil about 11 inches loM'cr than the surface of tho 
boiling sulphur. No allowance has lieen made for theso differences of 
level, as they would introduce extremely small and practically constant 
errors in the two Iwiling points. 

Tho same reduction tables huvo licon in use throughout, and the con¬ 
stant factor 1-0006 has lieen applied in the reduction to gravity at 
latitude 45°. Until standard gravity is more exactly defined, and 
relative values of gravity more carefully determined, the accuracy of 
tho reduction is open to question, hut for tho purposes of tho present 
inquiry tho uncertainty is quite immaterial 

As to the accuracy of tho individual barometer observations, I need 
only say that readings by Mr. Hugo ami myself seldom differed by 
more than 0 001 inch. Tho instrument has a tube of 0'6 inch in 
diameter and responds rapidly to alterations of pressure, so that no 
serious error nood lie apprehended from lag. 


Imjnti'tij/ in the Stdjihvr, dr. 

§ 34. Tho sulphur made use of in tho experiments has all been 
obtaiuod from Messrs. Baird A Tatlock; it has been produced by 
Chance’s process. Though several supplies have l>een obtained, at 
different times, no discontiuuity has lieen obseivod in tho sulphur 
points; thus, unless our experience has been unduly favourable, 
sulphur has at least one great morit us a medium for supplying a fixed 
high temperature. There are, howuvor, certain disadvantages which 
have introduced some variability into tho conditions of experiment. 
After an experiment the sulphur solidifies in tho tube containing it, 
and the remelting it on a subsequent occasion not infrequently ends in 
cracking the tube. On one or two occasions a crack went right round 
the tube, at a considerable height above the bulb, after the sulphur had 
been melted and experiments wore progressing, and on other occasions 
the tube was found to have cracked a day or two after the snlphur had 
cooled. Of bne batch of tubes, of thicker glass than usual, eevoral flew 
into pieces aW the sulphur had liquefied, and the observer was lucky 
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in escaping with no damage except to his clothes In consequonoe of 
this defect, we hive had to employ ibout a score of tubes, and these 
have not been strictly uniform in length thickness, 01 di uneter We 
have also h *d to employ i considerable numboi of sra ill isbestos cones, 
of the pittem locommended by Mr Hoycoek and Mr Neville, ind the 
tightness with whuh these have fittod the tubes has vaned sensibly 
Outs the sulphui point olworv itions have been tikcn undei more van 
able conditions than those at the steam pnnt 

Wo have not indeed observed my coitun consequences to follow any 
of the minor changes dosenbed above, but moro caieful expenmenta 
would be nocess iry to justify tho conclusion that tho v in itions uc 
immatenal I am, in fact, inclined to think that vtuitions in the 
length of the asbestos cones or in the tightness with which they fit the 
tube aie sufhcieutly piobiblo son ices of uneeitainty to deseive mvesti 
gation 

tun \n the Juimula as um t fn tie I in tnn f the ltoilinj Pond of 
Silpl uitl It 

i) 36 In mother direction theie is I think, little doubt thit ippre 
cubic e 101 ousts, viz, m the luluetion of sulphur point observations 
to tho st mdard biromttnc piessuie P fessor (allcudar ind Ml 
Gnfhths accept a simple line tr ichtion 

At - (p-760)x00S2 (10), 

wheio A/ is the increment ill tho tcraporatuic if sulphur vapour, ou the 
air scale, when the btiomotei is p nun. msteid of 7 GO Hus u based 
on some expenments by Eegnaidt, who e\ muned a wide rmgo of pies 
suro, but had so fow expenmontal points tint interpolation u voiy 
uncertain 

si pmn, hwuig regard to tho correspondu g phenomenon m steam, 
one would hardly anticipite groat icuu icy fiom a hnear relation, 
unless lestnetod to a veiy limited lange while in ordinary every day 
use wo must be prepared to covet it leist a range of 10 mm Tho 
Kew expenments, having been taken without any special regard to the 
atmosphenc pressure, naturally cover i fairly wide range, and thus 
afford a fivourable opportumty of testing the atcuricy of (10) To 
thu end I have carefully reduced all tho sulphur point expenments in a 
uniform way 

Assuming Calleudar s foimula 

t-pt - S[(t/100y~(t 100)], 

we may, near tho sulphur point, conveniently give it the form 

pt-pt, - (< - 1.) (1 -100 ^S(2f, - 100)] -100 *«(< - i t f (tl), 
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where t, and pt, are the temperatures, on the gas and platinum scales, 
of the sulphur boding pomt at standard piessme 

Hence if (10) be coirect, we ha\o, ft answering to the temperature of 
sulphur v tpout when the prcssuro is p mm, 

pi, ~pt-00»2(i 760) [1-100 8(2/,- 100) 

-100 8x 0082 Q;-760)] (12) 

Supposing format nice 8=15, ind t, =» 444 01 then 
pi,™ it 0082(/ 760) [0 88164 0 000013(p 760)] 

I 1 oi any ordinal y b u r mctiic i uige the tci m cc nt lining j 760 nisi lo 
the squ uo bracket is negligible oid so we m ly t ike 

It. it 0072JO 760) (H), 

where the last signihc int figure is of course imeeitam 

In ictud ipplic ition 11 istho olaorvod \alueof 100(R Ro)/(lii Ro) 
in a sulphur point exponment taken when the ! educed barometei read 
ing is i while pt, is the \ due cdculitod from this expci imont foi the 
phtmum tempoiatuio of tho boding point of sidphiu it standard pres 
sure, on tho assumption that (10) is conoct 

^ 36 In edculatuig I adopted two mothods hirst I took foi 
Ri R in each jioq of oxpeiimonts with a given theimomoter (i guup 
including all tho experiments made duung one yen, oi dining tie time 
one pirticulai calibration was in vogue) tho mem of the obseived 
v dues of tho fund iment il intci v d dut mg the epoch m question Next 
I used foi evch sulphui exponment tho individual valuo of I^-In, 
found fiom the (oiiesponding ice uul ate un point obseivitions These 
obsci\ations woio usually taken on the same day is the sulphur point 
observation, or on tho previous dij I thus obtained two senes of 
values oi jt. In tho first, one principal source of uncertainty wis 
largely elimnuted, while, in the second, another principal source of 
uncertainty was largely reduced 

The following td»lo shows tho lesidts foi the longest epoch con 
siderod, viz, fiom September, 1897, to Jannaiy, 1899, niclusive, cover 
ing tho time when Calibr ition III was in voguo During a set of 
sulphui oxpeumenta with the different thermometers tho barometnc 
height of course varied somowhat thus the piessures givon in the hrst 
column of the tdilc arc only approximate The btcak m the table 
gepai a tee the cases wheie the roducod batomotnc height was above 
760 mm from those in which it was below The results in the last 
two lines are based on the exact barometnc readings observed during 
the experiments bn the individual thermometers — 
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g 37. A similar treatment of the entire number of observations with 
these four thermometers—viz., twenty-four with K a , twelve with K 7 , 
and twenty-one with both Ki and K*—making use of the individual 
fundamental intervals only, gave the following results :— 


Table XIII. 


PreMure 

Mean preiiuiw, 700 + 

Mean value* of pt,, 421 + 


K,. K,. K,. K 7 

K>. JC* 

K+ K 7 

Above 700 .... 

67 67 00 -06 00 10 68 77 

•608 -612 

626 -633 

| Below . 

54-08 64'Ofl 64 63 63-01 

•468 486 

■526 -402 

, Difference*.... 

13-49 13 80 11 86 14 86 

•040 -127 

-090 -131 

| Thu* variation ii 

n pt, per 1 mm. of premnre 

0 0030 0 -0101 

0*0086 0*0088 j 


As wu shall see later, the thermometer Ki has undergone a change. 
Its pi, hus risen, and the apparent smallness in the variation m its case 
in Table XIII seems laigely due to the fact that amongst the latest 
experiments there was a preponderance of cases where the barometer 
was below 760 mm. 

g 3H. Tablos XII and XIII prove, I think, beyond a doubt that the 
Callendar-Giiffiths reduction formula (10) assigns an uppieciably too 
small value to the variation of the temperature of sulphur vapour with 
pressure near 760 mm. This is tho conclusion to which the results 
from every single thermometer point, and tho phenomena are too con¬ 
spicuous to be attributed to accident or to experimental errors. 

The agreement betwoon the results 111 Tables XII and XIII is, I 
admit, not all that might bo desired, and any numerical conclusions 
based on thorn are perhaps hardly likoly to be final. Still I have 
thought it worth while to see what these conclusions are, proceeding as 
follows:— 

Suppose that the Callendar-Griffiths formula (10) is defective in 
omitting a term in (p - 7G0) 3 and in assigning an incorrect value to the 
constant multiplier of the term in p - 760. 

Then, supposing ns before - 1-5, wo should replace (13) by 

pi - pi. + (0 0723 +*)(/»- 760) + y(p-760) 3 .(14), 

where v and y must be determined from the experiments. As all the 
observations had' been already worked up applying (10), it seemed 
simplest to take *>r data the values calculated in this way for pt u 
determining * anal y by least squares from the observed differences 
between the calculated values and their mean. 
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I first took the data m Table XII and added to tho individual values 
for j pi, in Ki, K s , and K the moan of tho diflorences between the values 
of pi, found with these respective theimomotcrs and the corresponding 
\ dues ni K ( As the correspondmg values of jt, m these four thermo 
meters answered to nearly the samo barometric pressure, one got in this 
way a moan pi, answenng very fiurly to the mean barometric pleasure 
Applymg formula (14) to tho figures so nhtuned, I obtained by least 
squares 

= +0 00G3 / +0 00018 (15) 

Next I took dl the ohscrv it ions m ide with K* uid K 4 —excluduig 
one whin the asbestos cone fell off—and combining the observations 
mvdo on the sime days got twenty four vd ics of //, as given by tho 
foimula (10) Combining these two and two m tho oidei of tho cone 
spending birometno pressures, I found fiom tho rcsultuig twelve data 
by least squaies 

- +0 0087, 1/ +0 00021 (16) 

tor ready compuason I show sido by side tho formula, lcsidting from 
(15) and (16) as well os those liastd on the Callendar Griffiths value 
In these formula, /, and//, tie is befoio the tcnijaratures on the an 
and platinum scales of sulphur v ipoui boiling / / t the d tmhti lptawiu 
760 mm, while t and pt aio the conespomhng temperatures when the 
pressuie is not 760, but p mm It is supposed that 6 - 1 5 in tho 
formulae for;/ 

Callendai and Griffiths (pt - ; t, + 0 072 (p 760), 
from Regnault 1 / - /, + 0 082(/ 700) 

Irora (15), *< , by ex ' 

penments on Ki, K 8 , pt =,//,+0 078(; 760) + 0 00018(p - 760)*, 
Ki, and K , betwoen 

Sept 1897 and Jan / - /, + 0 088 (/ 760) + 0 00020 (p - 760)* 
1899 

From (16), te, by ex 
penmonts on Kj and 
K 4 between Oet 1895 
and Sept 1899 

In restricting the second calculation to K 8 and Ki I was guided by 
the obvious change in Ki and by the comparative fewness of the expen 
ments at the sulphur point with Kj, K^, and K 7 According, however, 
to Table XIII the variation of //„ per 1 mm pressure, deduced from 
the experiments on Kg, is exceptionally high Further, the agreement 
between observed and calculated values in the second calculation was 
not so good as in the first I am thus disposed to attach somewhat 


} pt - p/,+0 081 (p - 760) + 0 00021 (p - 760)*, 
/« /.+0092(p 760) + 000024(p-760)* 
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more weight to tho result of the first calculation In any case I have 
little doubt that the formula 

t - t,+0 090 - 760) + 0 0002 (/> - 760)* (17) 

will prove oonadoiably moic exact than the formula (10) now m use 
further direct experiments on the point aie, in my opnuon, desirable 
§ 39 In our previous calculations wo have employed Callendar and 
Griffiths’ value, 444 53 C, foi tho boiling point of sulphur This is 
supposed to be measured on the scalo of the constant pressure air 
thermometoi It is ibout 0 7 G low or than the value recently found 
by Chappuis and H irkoi, employing tho constant volume mtiogen 
thermomoter We do not as yet know enough ibout gas thormometry 
to judge of the consistency of the two tesults, or of the degree of 
accuracy either can cl urn It is thus dosnable to know how the 
previous results would lie influenced by a slight change in the accepted 
value of t. Such i change would not affect any fotmula liko (10) con 
nectmg t and p, and it woidd modify formula! like (13) containing pi 
ouly mdirectlj thtough change m 8 lhe change AS in S, answering to 
i sm ill ch mge AZ„ in t„ is givon by 

AS * U, [10 4 - 8(2/, - 100)] - [/,(/, - 100)] 

Using C'lllendai and Griffiths’ value of t, we get approximately. 


when 8-15, 

AS =. 0 0575AZ, 

For instance, if 

A/, - 0 7* C, 

then 

A8 => 0 04, approximately 


LtHilmcy </i J auahhtif f Phttmim Ihnmomtteii 
[j 40 Supposing the Rg of i thoimomctoi, determined in the usual 
way, to show a distinctly lowered value as time proceeds, the cause 
might be a change in tho leads, or in the proportional arms, or in tho 
box ooils, and not a real change m the thermometer itself There are 
no certain dita as to the original equihty of tho pioportional arms, 
but as Dr Harkor recently found them to difior by only about thiee 
parts in 20,6p0, and as they were, doubtless, made as nearly as posable 
equal at first, there is reason to suppose that any uncertainty on this 
head is small \ 

On the otherdiand, as shown by Table III, changes in the leads have 
been largo andy fluctuating As no data exist for eliminating this 
uncertainty in A direct way in tho earlier observations, I have based 
the inquiry into qho constancy of the thermometers mainly on an inter- 
comparison of themselves As the same coil combinations were used 
for every one except K* and as the thermometers have nearly equal 
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fundamental intervals, and were compared in the groat majority of 
instanoes on the samo or on successive days, the differential results are 
but little exposed to the chief sources of uncertainty. 

Before discussing the differential results I shall glance briefly at the 
absolute data obtamed when the leads were interchanged. A summary 
of theso is given in Table XIV, along with results of observations with¬ 
out interchanged loads on Octobci 4 and December 8 and 9, 1897:— 


Table XIV.—Values of Ro. 


Date. 

Leads. 

K,. K,. K, K-. 

September 21, 1897.... 

interchanged 

257-766 267 886 267’468 266-708 

Ouober 4,1897. 


•780 -833 ’431 -672 

December 8 and 9,1897 

as usual 

•760 -827 -420 -672 

Moan of experiment* 



between Maj and Sep¬ 



tember, 1899 . 

interchanged 

•723 H56 462 *711 

---- _ 1 

— _ 

- — _ 


The leads had boon adjusted to approximate equality between 
September 21 and October 4, 1897 ; we may thus reasonably suppose 
that the changes expoiienced prior to Deeembei 9, 1897, woro small. 
Also, judging by what was olwcrvod on October, 1898, such change as 
might have occurred would tend to diminish Ro Wo may thus regard 
the results obtained on October 4, and December 8 and 9, 1897, as 
proving that the observations on September 21 did not suffor from any 
notable source of orror peculiar to the day. 

Comparing the results obtained on September 21, 1897, with the 
mean results for 1899, we obtain a surprisingly close agreement in the 
case of every thormometer oxcept Kj. 

This certainly is pretty strong evidence of constancy in at least 
three of the thermometers during the last two years. It is of couise 
possible that a common change might have occurred, and that it was 
masked by a corresponding equal change hi the box coils; but as theso 
coils are of a different material, plutinum silver, and have been exposed 
to wholly different conditions, such a contingency is improbable. 

§ 41. For the purpose of intercomparisou, I have selected os standards 
of reference K» and K+ These two thermometers are almost identical 
in puttom, and have boon exposed to almost exactly the same treat¬ 
ment, usually being compared in immediate succession to one another. 
Taking the mean Ro, R|, and R, given by these thermometers on each 
occasion, I have found the difference between these means and the Ro, 
Ri, B» of each of the other thermometers. I preferred taking the mean 
for the two thermometers to taking either alone as a standard, because 
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by doing bo, obsotvational erroia should bo ronderod leas important 
Also there wis no icaaon for prefemng one to the other I he II and 
Ri of K 0 have boon multiplied by 0 4 to reduce them to lppioumite 
equility with the corresponding qumtitiea in the other thnni m<tus, 
and in this instance the dati given are limited to the case whue the 
leads were mteichanged Tho leoson fni this is thit the laluc cf R 
m k 0 is affected by i given me jualitv in tho lewis by no mne thin tho 
R m k 8 oi Kj so thit inequality in th( lea Is would infl iciiee such i 
quantity as 

0 4 R (in K ) (me in lto of Kj and k 4 ) 

Hie differences between the k K indk, of Ki uid k 4 ue ids > 0 iven, 
so that tho diffctenus of any theimometei fiom k, iml k 4 stpu itcly 
o mid lx it once jbtaine 1 from the tille Such i hei ling is k 3 k 4 
means that the II R or It*— is the c iso may lie—c f k w hen sub 
tiacted ft >m thit of ki gives the lesults m tho coliuniis of I ible XV 
(p 4,) 

Ihe diti enclosed in tho [ ] brackets are I hive touson t> think 
affected 1y experiment d enoi while these m the ( ) bi ichets ue I 
leheu correct but due to exceptionil cuuunstinccs These diti ue 
not taken mt» iccouut in the me in value s D it i in the br ic keta } i eft r 
t > two independent obseiv itions during the sime mmth The bl inks 
m the case of k and k arise from the ilmenee if these tlitmi meteis 
at btvies and fiom the clnngus in the foimei thermometei during 
1H96 

^ 12 1 ible XV shows that if any telitive ehan 0 e his tecuned 
lietwoen k 4 md Ki sinee 1895 it must be veiy smdl The h„u es aie 
not howevoi, ilisolutely inconsistent with i slight i eduction in the 
difiertnee between tho two resistuices 

I here is the doarest evidence of i gradual fill m the k« and Ri of 
ki relative to the corresponding quantities in ki ind k 4 the change 
being groatost in the case of R| On the other hand the h, of K ( has 
appirently lison during tho list two yeirs iclativo to the mum R, of 
k) and K, As the lesistancc of k t at 0 C a intermediate between 
tho resist mees of kj and Ki it is impossible to attribute the phenomena 
t) changes in tho proportional arms, or in the coils, or to my other 
external cause I thus see no alternative to the conclusion that in Ki 
there has been a diminution in tho resistance in ice and in the fund i 
mental interval iccompamed by an mere ise m tho ice sulphur and 
steam sulphur intervals 

In its early days K ( was several times exposed to the tempei ituie of 
molten silver, but the last exposure preceded 1897 Table XV shows 
no other ceitam|example of rehtive change except in the case of Kj 
when quite now The fiibt oxpei imont made with this thermometer was 
on February 12,1896, by which tome the observers had become fairly 
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export. On this day observations wore taken at the ice, steam, and 
sulphur points, and on the same day observations were also taken with K s 
and K 4 . Further, both Mr. Hugo and myself observed, each with two 
sets of coils, at the ice and steam points, and our observations wore in 
excellent agreement Thm I think the ovidence is almost conclusive as 
to the reality of a fall in the R 0 and Ri of K 5 , in consequonco presum¬ 
ably of its first exposure to the sulphur point temperature. This fall 
was apparently about 0 ,, 1 in the case of IV 

This is not the only case in which this phenomenon occuirod. Thus 
on April 24, 1896, the thermometer K_», which had been freshly remado 
after a breakage in silver, gave an Rt of 356*007 immediately prior to a 
sulphur point experiment, while on April 27, the value found for Ri 
was 356*404 Thoro is no reason to suppose that any sensible change 
in the loads had intervened. 

§ 43. Much the clearest evidence of sudden changes arises, however, 
in tho case of exposure to the temperature of molten silver. On 
Decomlwr 24, 1895, Kj was exposed to this temperature for the first 
time at Kew,* tho experiment lining immediately procoded and suc¬ 
ceeded by steam point observations. It was found that Ri hod 
changed from 357 530 to 357*014, representing a fall of 0'*52. On the 
next trial in steam the value found for R t was 357*057, but us the li., 
of K 4 and K 4 showfcd also a slight apparent rise during this inton al, 
tho causo was most probably a slight change in the leads In March, 
1896, Kj broke in silver and was remade After exposure to the tem¬ 
perature of sulphur vapour on April 24, as already descrilied, it was 
tried in molten silver on Apnl 27; on which occasion its Rj fell from 
356 404 to 356*050. After a second sulphur point experiment on June 
26, when no certain change occurred, K_. was tried a second time in silver 
on July 2, and its Ei again fell, though only by 0°*15. Altogether, 
lietwoon April 24 and Jidy 2, 1896, the R t of K 2 showed a total 
apparent fall of 0°*735, whilst tho corresponding mean apparent fall in 
Kj, K 4 , and K- n as obtained by interpolation, is only about 0”*015. The 
mean fall in these last three thermometers is doubtless a nearly correct 
measure of contemporary change in tho loads ; and wo thus conclude 
that two exposures to tho sulphur point temperature and two exposures 
to molten silvor had produced a fall of approximately 0’*7 in the jsero 
ofK,. 

Tho thermometer Kt had been in molten silver in September, 1895, 
before it came to Kow. On its first exposure to molten silver at the 
Observatory—tho exposure being as usual preceded and followed by 
steam point observations—the fall of Ri was only 0* *08; and on two 
subsequent occasions the effect, if any, was very small For instance, 
on the last occasion tho 'apparent fall was only 0’*009. 

• It wm uid to hare beenijieated in September, 1895, at Cambridge, to fully at 
high a temperature. 
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g 44. We have next to consider the constancy of the fundamental 
intervals. Corresponding ice and steam point observations were almost 
invariably taken in immediate succession to one another, so that 
ordinary changes in the leads could hardly affect the results. I have 
divided the data into groups according to the date, and give only the 
mean results. Iu the first group there wore only two observations 
and in the last group only three, except in the case of Ki and K 0 , 
whore five observations had been mule In the three intermediate 
groups the means are nearly all baaed on six observations. A fow 
observations made in the early part of 1897 have boon wholly omitted, 
as the state of the leads u as certainly not then satisfactory. 


Table XVI.—Mean Values of Fundamental Intervals at different 
Epochs. 



Calibra. 








Kpoch. 

£3 

K,. 

K„ 

x*. 

x 4 . 

x. 

K s . 

x,. 



09 + 

100 + 

90 + 

99 + 

100 + 

260 + 

00 + 

1805 

i 



•068 

•711 


•248 


1896 

i 

812 


■081 

•709 

•247 

301 

•295 

8ept, 1807, to 1 
A Dr, 1898 f 

hi 

•778 


■942 

•672 


•157 

•266 

It 

iM 

hi 

■752 

.. I 

■945 

•671 


163 

•257 

May to B«pt., 1800 

IV 

•712 

857 

•025 

•050 

•188 

•171 

•236 


According to the tablo thore is a fall in tho fundamental interval of 
every thermometer botwoen 1896 and 1899 It i’b probable, however, 
that this is mainly if not entirely fictitious except in tho case of Ki. 
When the resistance box was altered in tho summer of 1897, the cods, 
as Table IV shows, were slightly disturlxxl, and m all probability the 
mean box unit was slightly altered. An increase in this unit of about 
35 parts in 100,000 would account protty satisfactorily for tho apparent 
differences in the results of the second and thin! epochs of the table. 

During tho third and fourth epochs nothing happoned to tho box, 
and Kj is the only case where there is any noteworthy difference 
between the corresponding means in the two epochs. 

Between the fourth and fifth epochs the coil I broke, and its resist¬ 
ance was diminished by about 0'66 of a box unit by tho resoldering. 
This fact, and the comparatively small number of observations on 
which the means are based during the fifth epoch, predispose me to 
query the apparent falls in tho fundamental intervals of K, and K*. 
In the ease of Ki, however, the fall is too large to bo explained away. 

§ 46.’;Instead of attempting to trace changes in the ice-sulphur 



Table XVII —Mean \ alues of pi, [= (100 I) (R, Ro)] for Epochs stated 
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interval R,—Ko directly, I pass to the conaideiation of pf, and f, as 
quantities of more immediate interest The constancy of one of these 
quantities is involved in that of tho other, but oath has an interest of 
its own I have thought it dcsirahle to give tho results obt tined from 
formula (17) as well as those obtained by accepting the Gvllendar 
Griffiths foimula (10) 

The thermometer called k in 1896 is wholly different from that so 
denominated in 1899 

With tho exception of the 18)9 results in K* tnd the 1897 results 
in k , overy mean in the tiblo depends on vt least four olwoivations, 
m some instances eight were av ul ible 

Iho existence of t gradual nso m the pt, of K, with coiuspondmg 
fall in its 8, is placed I think beyond doubt In tho case of the othei 
thermometers there is no fluctuation which might not reasonably be 
attributed to errois of observation or uncertainty in the prcubiuc ieduc 
tion foimula 


Ihffcuncis letwrin the The) menu ten 

^ 46 A difference between the values of Ito or I m two theimometors 
docs not necessarily imply any difference lietween them as measurers 
< f temperature The temper ature j t is aiatio and so should depend 
si ldy on the law of increase of lesistuico with tempeiature 

If tho drawing of platinum wire aftccts its physical properties we 
may perhaps expect differences lietween tho temperature relations of 
wires of different diamcteis But there it no obvious reason h pitot i 
why differences should exist betw een specimens of wire of the same 
thickness from the same sample of platinum It is clearly desirable to 
ascertain whether such differences exist and if they do whether they 
follow any recognisable law Thu. is tho more important at present 
owing to tho recent proposal made by Prof Callendar to the British 
Association to set up standaid platinum thermometers made of some 
one sample of platinum wire 

Referring to Tables XVII and XVTII, wo soe evidence of differences 
between certain of the thermometers I he consistency of the mean 
values found ui different years for pt, m Kg and K* renders it lm 
possible to ascribe to expenmen tal enor the very considerable differ 
ences between the values of pt, in these two thermometers, and in the 
onginal Ki and K? 

§47 The evidence affordod by Tables XVII and XVIII as to differ 
ences between Kg, K*, K* and k is less conclusive I have thus had 
recourse to two more sensitive methods of detecting differences 
The first of these consists m taking the ratios borne to one another 
by the resistances at the ice, steam, and sulphur points The taking 
note of the value of Ki/Ro was m fact recommended originally by 
Mr Griffiths as a delicate means of checking the accuracy of individual 
VOL LXVII 
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observations, and the practico was continued for some time after the 
experiments commenced. Tho value of these original calculations is, 
however, prejudiced by tho fact that the results are affected by any 
want of equality between tho loads, unless this can be elifninatod. I 
have thus included in the following tablo only those olisorvatiotis in 
which tho difforonco bctwoon the leads was known and could lie allowed 
for The thermometers are arranged in descending order of Hi/Ro 
dunng the last epoch. 


Table XIX. 


Thermo. 

meter 

Mean values of B,/Ro- 


Mean raluoa 
ofR/K, 

Sept 21, 1807. 

Oet , 1808, to 

Jan , 1BSK1 1 

May—Sept, 
1899 

May—Snpt, 
1800. 


(Cal III) 

(Cal 111) 

(Cal IV) 

(Cal IV). 

K, 


1 -38792 

1-38787 

2-68627 

X, 

1-88771 

1 -88777 

1 -38774 


K, 1 

1 -38751 

1 -88750 

1-38751 

2-63331 

K, , 

1 38707 

1-38711 

1 -88711 

2 (13165 

K, 

1 -38700 

1-38706 

1-38091 

2-63112 

K. i 

1 38670 

1 38061 

1 38684 

2 -62937 

Kj , 

- 

— 

1 88610 

2-62700 

Mean*, excluding X 


2-63090 


The last figure is retained mainly to givo an ido.i of tho concordance 
between the sovoral rosults for tho samo thermometer. Without 
realising this, one is not in a position to judge of tho weight to lie 
attached to tho apparent differences betweon tho different ther¬ 
mometers. 

It will be observed that Ki alone has altered its relative position 
sinoe September, 1897. Again, it will be noticed that the order of 
Ba/Ro is the same as that of Ri/Ro- But for this fact wo should havo 
found larger differences between the values of pf, and 8 in the sevoral 
thermometers. 

§ 48. Tho above table will, I think, be considered pretty conclusive 
as to the reality of the differences between the different thermometers. 
I shall, however, also give the results of the second method of attacking 
the problem, as they possess an independent interest. 

If two platinum thermometers differ only in the absolute resistance 
of their spirals, the difference may be ascribed to a definite portion of 
the wire forming the spiral of higher resistance. Thus, in such a case, 
the difference between the resistances should increase with the 
temperature in precisely the same way as the total resistance of 
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either thermometer. Consequently, if the platinum wire in the several 
thermometers were identical, tho differences between the resistances of 
any two of them at the steam point and at tho sulphur point—or tho 
differences between any one and the mean of any two others—should 
bear to the difference of tho resistances in ico constant ratios. And 
according to Table XIX the values of these two constant ratios should 
bo approximately 1-387 : 1 and 2-631 : 1. 

Table XX shows what tho ratios actually are in the cases examined. 
In treating K« I utilised only those observations in which the differ¬ 
ence between tho leads could lie allowed for. The moaning of tho 
results will be rendered clour by an oxample. The mean of the differ¬ 
ences between corresponding observed values of Ki in Kj and K* 
during 1896 a as 0-668, while the mam of tho differences lietwoen tho 
observed values of Ti<, was 0*405; tho ratio of these two quantities is 
1*64, and it is given under the heading TVRo. This is here used as an 
abbreviation for 

(11, in K» loss lti in K<) 4- (Ro in K a loss Ttu in K<). 


Tabic XX. 


Epooh. 

K,- 


K,-1(K,+ K 4 ) Kj-KK. + K,) 

K.-HK, + K 4 ) 

R|/Kg. 

R./R,. 


H./H 0 Ri/R«. 

R./R. 


R./R* 

1808 

1-64 

8-78 

0 80 

0-63 .. 


1-61 

3-65 

1897 

1 62 

8 04 

0-88 

0 87 ' .. 


1-61 


1898 

1 70 

3-97 

0 35 

2 57 




1899 

1-68 

8-79 

-0-29 

3 93 1-30 

2-24 

l^a 

8-79 










Spool). 

|K.-t<K, + KO;t(K»+K 4 )-K J 

K,- 

-K,. 

k 4 - 

-K,. 

B./R,. ! B,/B* 

R*/Ro- 

B,/R». 

B»/R»- 

Bi/Bo- 

B./B, 

1898 

1 

1 1 -57 






1897 

1 63 , 1 58 

3 48 



;; 


1898 

1 64 1-69 

3-61 





1899 

1-67 1-67 

8-50 

1*28 

l’-flO 

1*86 

2-81 


In only one case, K a - K 7 , are the ratios even approximately equal to 
the mean values given by Table XIX, vis., 1-39 :1 and.2-63:1. Even 
in that case the differences are too big to ascribe to experimental error, 
because the Bo of K* exceeds that of K; by fully 4-5 box units. 
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In the case of K a -K* and of 4 Ks-^(Ki+ ]£<), the differences of 
resistance at tho ice point are only ibout 0 4 of a box unit, but tho 
ratios are based on i considerable number of humonious obscnations, 
and tho smtllness m their fluctuations fiom one jcai to mother appears 
incompatible with any senous orror 
Tho only ewe m fible XX in which thcic ib unmistikable change 
in the values < f h /k, md It,/ K, with tho time is K, ’(kj-t K 4 ) 
The change in this c iso is conspicuous, mil supports, of coiu sc, om 
previous conclusion th it K| has mideigone Romo alter ition 
§ 49 If we omit crmhinationa containing ki or k wo notice a 
cunous resorahlince liotweon the values of the i itios in tho diffciont 
cases, and this same similarity appe irs m othei comhm itions of the five 
thermometus Kj K|, K , K , and K (when multiplied by 0 4) which I 
have tried W e always get something pretty close to — 

Ice point difTeience htcun punt difletence sulphur point diffci 
cnce 1 16 16 

The phenomon i piesontod hy these fivo thermometers are thus pretty 
much the simo as if their spnals consistod in the main of gnen equal 
lengths of identic il phtinum with, in addition vmable longths of i 
roatcnil whose temperatuie coefficient is highci thin that of phtinum 
In thib lmaginaiy mitenil the lesistnncos at the ice steam and sulphut 
points would be approximitoly as 1 16 16 Another wiy of stating 
the fact would be thit tho chmgea m the iCbiuUnco of the uniginarj 
material due to tcmpeiaturc aie about 156 times is grcit as in 
platinum 

In addition we can closely reproduce the figures residtmg fiom tho 
comparison of Kj with tho other thermometers by supposing that K 
has a smallei quantity of this imaginary foreign mitenil than the 
othei s, but a 1 ugei quantity of puio pi itmum 

The figures to which my calcul itions lead for tho resistances at 0‘, 
due to tho foreign maten d and the pure pi itinum, are as follows, in 
terms of tho moan box unit — 

Reurtsnis Beuituoe 

Thermometer foreign nmtoml pletinum wire 

K, * r+5150 

K t *+0 637 r 

K 4 *+1391 r 

Kj 2+1 783 z 

K s 2+2 223 x 

Taking, for instance, the cases Ks - K» and K - Kr in 1899, we have, 
in mean box units— 



Platinum Thermometry at Kcw Observatory. 53 



| Observed diffei races. j 

Csic aisled differences. 


Ice 

s pL?n": 

8ulphur 
j point 

Ice 

Steam 1 
point. , 

Sulphur 

Kj — k„ .. 

K,-K 7 . 

2 927 
4'518 

3-604 

0 -124 

1 5 501 

11-300 l 

(2 -927) 
(4 518) 

8 586 
(6-124) 

5-547 

11-257 


The numbers enclosed by brackets were used in my original calcula¬ 
tion, so thcii coincidence with the olworved values is without signifi¬ 
cance. The coincidences could havo been improved by supposing that 
the amounts of pure platinum in Kj, K,, K 5 , and K 7 arc only neaily 
and not absolutely the same, and by slightly altering the values 16/10 
and 36/10 assumed for the ratios liomo by the resistances of the foreign 
material at the steam and sulphur points to the 1 csistance at the ice point. 

That the above coincidences are puioly accidental seems improbable, 
but what the real nature of tho physical fact underlying the figures is, I 
do not know. 

Accuracy of the OhwuntmiK 

§ 50. It is difficult to say what is an oqmtahle basis on which to dis¬ 
cuss tho question Presumably if tho l-oom containing all tho appa¬ 
ratus were kept at a constant tompeiaturo, and a uniform source of 
current were employed; and if arrangements weio made for taking the 
bridgo centre, for reversing the battoi y, and for interchanging the leads 
and proportional arms at every observation, a variety of souroes of 
uncertamty affecting the Kew results would bo much reduced. To 
provide, however, for all possible interchanges must add to tho cost of 
platinum thoiniometry, and tend to mako olwurvations more tedious. 
I am thuB disposed to think that, except in tho c.ise of the most refinod 
physical work, where apparatus is abundant and time and expense of 
relatively small account, the conditions are unlikely to be more favour¬ 
able, and will in general be less favourable, than those prevailing during 
the experiments at Kew Observatory. 

Under any circumstances a great deal may depend on whether it is, 
or is not, deemed essential to mako a fixod point observation—either 
in ice or steam—immediately beforo or after each series of observa¬ 
tions. If a fixed point observation bo not taken, we may presumably 
expect uncertainties in the calculated temperutures of the same order 
as the fluctuations obeorvod at Kew in Ro or Ri; while if a fixed 
point observation is taken, we may presumably expect, when mea¬ 
suring a steady temperature between 0 ° and 100 * 0 ., a similar degree 
of accuracy to that met with in the determinations of fundamental 
intervals in the present inquiry. 
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An idea of the degree of accuracy in the two cases is afforded by the 
two following tables. Tho first gives the observed values of Bo on the 
days of regular observation since Calibration IV was madej tho second 
givos the corresponding valuos found for the fundamental intervals. 
In the first table I give separately the values found when an allowance 
for tho obeetved difference between the leads is omitted and applied. 


Table XXI.—Observed Values of Ko- 


Date. 

1890 

x. 

x, 

Dearti not interchanged. 



1 K, 

X 4 . 

K| 

K, 

K,. 


257 + 

201 + 

1 257 + 

257 + 

258 + 

645 + 

250 + 

May 10 .... 

•761 

•253 

| -874 

•495 

■205 

•2G0 

•716 

June 27, HO . 

•003 

•198 

■833 

•435 

•274 

•168 

•677 

July 10 .. 

706 


( - 


280 



Sop 14, is.. 

•672 

•184 

' -814 

•419 

•276 

•182 

•074 

Sep 18,19,20 

093 

198 

| '845 

■445 

•286 


•699 


Date. 



T.p&di interchanged. 



1899 

K,. 

K* 

K, 

K, 

K,. 

K, 

Ky< 


267 + 

261 + 

257 + 

257 + 

258 + 

615 + 

256 + 

May 10 .... 

■768 

200 

•881 

•502 

302 

•267 

■722 

June 27,80.. 

•709 

•214 

•849 

•451 


•184 


July 10 ... 

•731 




•310 



Sep 14,15.. 

•001 

•202 

•832 

■486 

295 

•116 

•695 

Sep 18,19,20 

•716 

•220 

80 

•400 

303 

“ 

•716 


Tablo XXII.—Observed Values of th Fundamental Interval (leads 
not interchanged). 


Date. 

K,. 

Ky 

Kj. 

k 4 . 

Kf K a . 

K,. 

1899. 

May 10,11 
June 27, 80 
July 10.... 
Sept. 14,15 
Sept. 20... < j 

09 + 
•712 
•710 
•710 
■701 

99 + 
•868 
•800 

■849 

99 + 
•986 
■921 

•918 

99 + 
■652 
•660 

■655 

100 + 250 + 

•107 i -208 
•193 j 148 | 
•186 1 — 1 
•171 , -162 
•196 - 

09 + 
•268 
•258 

•254 


The data in Tables XXI and XXII are a very fair sample of the 
Kevr results. They were taken during a time when the difference 
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Platinum Thermometry at Keno Observatory. 

between the lends (lid not vary muoh, so that the application of n cor¬ 
rection for this difference does not much improve the agreement between 
the results of different days. 

The value of Ro is conspicuously high on May 10 in all the ther¬ 
mometers. This was deaily not the fault of the ico, because, as 
Table XXII shows, the fundamental intervals found on May 10 wore 
not below the average, but in fact rather above. Again, tho cause can 
hardly havo been error m tho correction for temperature. For on 
May 10 the temperature was only very slightly above 20' C , while on 
tho next occasion, Juno 27 - when tho values of R« were smaller—it 
was nearly 22“ C., and if wo may truBt Dr. Harkor’s experiments, 
the temperature coefficient appkod in the reductions is certainly not 
too low. 

Phenomena similar to those occurring on May 10 were by no means 
uncommon. 

§ 81. Additional information as to tho degree of accuracy attained 
in determining the fundamental interval is affotded by Table XXIII. 
This givos tho mean difference, irrespective of sign, between the indi¬ 
vidual results and their arithmetic moan for two epochs, vis., the year 
1896, and the period from September, 1897, to January, 1899. In tho 
former epoch there were six observations with each thermometer, in tho 
Iattor epoch from twelve to fourteen. 


Table XXIII.—Mean Departures of Fundamental Intervals from thoir 
Arithmetic Means. 


Epooli. 

| x,. 

X 4 . K.. 

0 «£„. 


1896 . 

0-016 | 0-006 

0 013 0-006 

_J_ 

0-006 1 0 007 
o-oio j — 

0-008 

0-008 

0-016 

September, 1897, to j 
January, 1899 


During the former opoch tho original box with brass plug holes was 
in use, while during the latter epoch the plug holes were of fusible metal 
in Doulton ware. During the second epoch bridge centres were taken 
every day, and readings were always taken with the current both ways; 
in the first epoch neither of theso precautions was taken. Yet we see 
that the mean departures are almost all greater during the second epoch 
than during the first. This certainly does not point to any superiority 
in fusible metal as compared to brass, but quite the reverse. 

The rise of the mean departures in Kj is partly due to change in the 
fundamental interval, especially during the second epoch. 

The fundamental interval in K* being 2-5 times as large as in the 
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other theimometers, has to be multipbed by 0 4 to lender it comparable 
as an mtenal of temperature 

§ 52 Particulars of the dogiee of accuracy attainable m determining 
pi, may also be of intei eat In this case, of course the uncertainty 
existing as to the true law of vamtion of the boiling point of aulphui 
with pressure should be borne in mind Taking all the observations 
mode with k K-), k 4 k and k excluding one with K 4 and the first 
thiee with k is piolubly f uilty uid employing the C dlend ir Gufhtlis 
foimula(lO) I fnwl foi the aiei igo departuie of mdmdual v dues of //» 
from then mthmetic mean the follow mg 1 esults — 


Table XXIV —Ai erage Departure of V dues of jt, fiom then 
Arithmetic Moan 


k 

k. 


k 

h-7 

Number of 1 * nation* 

0 

24 

* 

10 

12 

Avorngo 1 pnrtur 

±0 04 

±0 0) 

±0 07 

±0 08 

±0 07 


The substitution of formul 1 (17) f< 1 tho C dkndar (riiffiths foimula 
reduces the average departures in tho c iso of lv, k f and k to ± 0 07 
±0 0j and ±0 00 icspectnoly but mennses tho moan depirturos 111 
Kj and K 

Roughly speaking, the ivei igo dep irture fiom the me in m the caso 
of pi, is nearly ten times ns large is in tho c iso of the fundamental 
interval 1 his, however mly paitly arise fiom the fact that sulphm 
point obscivationa weio frequently tiken on tho diy subsequent to that 
on which was determined tho value of Ry used m calculating pt, 

Impmtmenti suyge tel in Apparatus 

§ 53 Tho experiments have suggested vanous dtsidei ita, which it 
may be well to summ iriso 

1 It is desirable that some simple and more perfect method Bbould 

be devised for eliminating the effects of changes in the relative 
resistance of the leads and the proportional aims 

2 Tho temperature of the resistance coils and bndgo who should be 

exposed to much lees uncertainty than m the Kew box or else 
theso resistances should be made of some material with a much 
smaller temperature coefficient than platinum silver 

3 The bridge wire scale is too much contracted for very exact work 

with thermometeis of such low resistance as the ordinary Kew 
ones, it is desirable, if accuracy to 0 ” 001 C is aimed at, that 
1 cm of bridge wire should not answer to more than 0 " 1 0 
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4 If possible, the causes of wanderings m the budge centre and of 

thermo electuc currents—not eliminated by the Gufliths key— 
should be lemoiod 

5 Unless the ping resist ince uncertainties can bo reduced it would 

seem deniable to mere iso the lesiatanco msido platinum 
thermometers intended for \eiy exact measurement of lorj 
slowlj altering temperatures such us occur in hxid point 
obscri ntions 

6 Unless the he iting effect of the current can bo ex ictly ibccit lined 

and allowed for the sensitiveness of tho galvanometer should 
bo 1 ugel} mere used so is to render unnecessary currents whose 
healing effects w ill sensibly mflnenco the re ulings 

7 It is cert unly desirable th it the entiro room containing the appa 

ratus should be kept tppioximatily at the temporaturo iti opted 
as tho standard temperiture f n the coils At tho wimo time 
it is not desirable that the ohscivoi should ho c ntmually 
exposed to so high a tempeiature is 20 C A tcmperatiue 
such is 62 F is veij much healthiei at leist in wintei md is 
moie Inacmg Ihere is no obi hub icasin why theio might 
not lie one stunt ud temper iture t i wmtci uid anothei foi 
summer so long as tho temperature relations of tho icsistanco 
coils aio iccuratelj known 


I nrtha h rpn imfi t Jl rat l 

§ 64 I should like to boo experiments m wlc on the follow mg points — 

1 Tho true 1 iw of the vanation of tho boiling point of sulphur with 

pressure 

2 The liehaiioui of new platinum theimometus luuler a lanoty of 

conditions 

3 Tho offset if long oi frequent exposures to temper itures extending 

from thit of bulphur vaporn to the highest tcmpeiatuio foi 
which it is claimed that platinum thoimomotors arc suitable 

4 The effect of exposure to lowtcmpciatiues such as are now attain 

able by means of liquid air, 

6 Tho degioe of aecoi dance in the ltsults deduced by Callendai a 
formula from obseriations taken with different platinum 
thermometers—varying m their 3—at two or three fixed 
tempeiatures differing considerably from that of sulphur 
vapour, these temperatures Iteing obtainable with a degree 
of accuracy not inferior to that attained m sulphur point 
observations , 

6 The cause of the curious phenomenon described m $ 48 and 49 
165 The great majority of the observations on which this paper 
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dopendB have been made by Mi W Hugo, senior assistant at Kew 
Observatory, to whose care and exactitude the research owes a very 
great deal The reduction of the observations is also mainly due to 
Mr Hugo lu several of tho special experiments Dr J A Harker 
has given valmble assistance, ami vaiious operations hive boon much 
facilitated by means of apparatus devised by him Tho mam work 
of checking the i eductions and the vanouB calculations requisite 
m discussing tho observations luvo been done by myself I have 
also taken i considei iblo numlier of observations, and in discussing 
the various soiuces of trouble I speak fiom peisoml oxpononco, supple 
mentod of course by ficquent oxchmgo of ideas with l)i Harkei and 
Mi Hugo At vaiious stvges of the investigation I hive had v iluable 
advice and issistvnee from Profossox Carey Footer and Mi W N Shaw, 
to whom tho nntittion of tho reseuch is latgoly due 

The onguial cost of the appaiatus was partly defrayed by a giant of 
£100 fiom the Government Grant Fluid, and a contiibution of £120 
a « received last year fiom the Gunning Fund ton aids this ind other 
cognate work undei taken by the Kow Obsorvatoiy Committee 


A Comparative Ciystallogiaphical Study of the Double Selenates 
of the Senes It s M(SeO i ) 3 6H,0—Salts m which M is Zwc 
By A E Tutton, II Sc, h It S Itccuvod Maich 5,—Read 
Mai cli 15,1900 

(Extended Abstract) 

In two communications to the Chemical Society,* the author 
presented the results of a detuled study of twenty two salts of 
tho senes of monochino double sulphates R 3 M(S0 4 ) ,6H/), in which 
R was lepiesented by potassium, rubidium, and csesium, and M by 
magnesium, zinc, iron, manganoso, nickel, cob tit, coppor, and cadmium 
The first of these memoirs dealt with the external morphology of the 
crystals, and the second with then internal physical properties 

The piosent investigation refers to the loss known analogous double 
selenntes, m which R is again represented by the alkali metals potassium 
(atomic weight 39), rubidium (atomic weight 85 2), and csesium (atomic 
weight 132 7) Tho work on the group containing zinc has been com¬ 
pleted, and the results are now communicated lopsoe and Christian 
sent included in thoir well known investigation tho potassium salt of 
the group 

• ‘ Journ Chem Soc Tnuu ,’ 1808, rol 63, p 387, and 1886, rol 69, p 844. 
t 'Ann do Ohirn ot do Phy* , 1874, p. 5 
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The rubidium and cesium salts have never been investigated, and 
the author has boou unable to find any evidence of their preparation 

The section plates and pi isms employed in the optical work were 
prepared by means of tho author s cutting and gnnding goniometer, m 
the manner already described m previous memoirs The new special 
adjusting apparatus described to the hoyal Society in the memoir in the 
Phil Irons, A, for 1899, p 461 has proved of tho greatest service in 
the preparation of the prisms All the pusms were obluned with its 
aid by one adjustment mate ul of two (one for each of the two required 
surfaces) A vety useful addition to it has been made m tho shape of 
i pair of spocial gi ip holders besides those i eforrod to on p ige 460 of 
the memoir just quoted One of these new holders is represented in 
fig 1 Ihe upper portion the stem by which it is attached to the 
lower end of the cijstal uljusting ippintus 
cimos two verticil grooios msteul of only one 
so that the piano within the crystal which is 
desired to bisect the angle (60 ) of the pi ism 
can always lie preliminarily toughly utinged 
it right angles to the 120 idj listing segment, 
whatcvei bo tho situation of tho most come 
mont dnection of gripping Ihe stem passes 
down into a thicker solid cylindrical portion 
siurounded by a closely fitting hollow cylinder 
cipable of movement for somewhat over 90 
and fixation at any position by meins of slits 
at different levels ind two clamping screws passing through them into 
the solid cylinder This enables the luxosiuy final azimuth adjust¬ 
ment of the crystal to be effected, so thit the puticular bisecting 
plane referred to can bo set exactly to the i equired onontation with 
the aid of tho gomometei and its gr idmted idjustmg movements 
Ihe gnppei is attached rigidly to the underside of the movable 
cylinder Its two prongs are arranged to bo drawn together by means 
of a screw manipulated with a milled hooded koy, and the gripping 
lower pait is thickened and padded with ch imois leather The use of 
one of these holdors which only difiei w the size of the gnpper bo as 
to accommodate different sized crystals, avoids the uso of warm wax, 
which may cause efflorence, or cracking, of the crystal 
Every prism employed was prepared by the aid of this mstiument 
ao that the two surfaces weie symmetrical to one of the three principal 
planes of the optical ellipsoid (mdicatnx), and its edge parallel to 
one of the two rectangular axes of tho mdicatnx lying m this plane 
It therefore yielded two of the three refractive indices directly, namely, 
those corresponding to vibrations parallel tp the two rectangular axes 
of the optical mdicatnx lying in the bisecting plane 

The salts were prepared ra the following manner —A quantity of 


hie l 
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the alkaline selenato crystals, prepared as described m the author’s 
memoir on the normal allcahno selcnates,* adequate to yield aftoi 
addition to the c ilcul ited amount of the M selenato sufficient of tho 
double s ilt for all tho purposes of the investigation was dissoli ed in 
the minimum of distilled water An equal molecular proportion of 
pure sine sulphate ciystals wis dso woighod out dissolved m dis 
tillod water, and precipitated by » solution of sodium caibonate The 
precipitate of basic .one eaiboiuto was isolated by decant ition and 
prolonged washing with hot water and subscpiently dissohid in a 
solution of pure solcmt wad, whose strength hid pieviously been 
accurately determined by titration with i solution of pure uihydious 
sodium cirbonate if known strength Suffiaont of tho acid was run 
m upon the zinc cirbonate to proudo for one drop of excess, is this 
pieionts tho possibility of i basic silt forming iftei addition of the 
selenite cf the R-mctal Tho solutions of tho two solonates were 
mixed and illowed to ciystilhso spoilt inoously taking all the pie 
eiutions to iu«l distui banco enumoi ited in tho previous memoirs 
lhe sphcucal projection given on p 34 4 of tho double Biilphate 
memon applies equally to tho double selonates 

PorAssiiM 7i\t Siirxvri K Zn(SeCb) 6H 0 
A deti rmm ition of the zinc m i quantity of the ciystals employed 
give tho following lOault —0 9153 grunmo yielded 0 B96 gramme 
ZnO, ernespt ndmg to 12 24 pel cent of /me C'llcul ited per cent 
Zn 12 11 

dm i uetii/ 

Ten excellent crystals were crnpl qed derived from soveral different 
crops 

H ibit Short pnsm itic to tabul u 
Axial anglo- fi — 75 48 

Ratio of ixc3— 

a b =■ 0 7458 1 0 5073 

Forms obsoraed— 

a - {100}ooPoo f =• {OlOjooPoo, r - {001}<d\ p - {llOJooP, 
p ~ {120}oop2, /- {011}S»co, i - {Ill} + P,r = {201} + 2Poo 
The results of the angular measurements are given in the accom 
panymg table 

The habits observed resembled those exhibited in the following 
figures given in the double sulphate memoir —Fig 7 without b faces, 
fig 8 without the smaller faces, fig 20, fig 21, fig 24, and fig 25 
• Journ Chora Soo1897, p 840 
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The a and b faces were usually both well defined, the henu pyramid 
o was occasionally well developed, but more usually small, while small 
p faces were only observed on two crystals Ihe general type exhi 
bited p,c i and j as the mam faces e alwiyg large, and » occasionally 
largo but generally rather smallei th in the q facos 

Topsoe and Christiansen (lor at , p 77) give for tho ratio of the 
axes and tho axial angle, a b c => 0 7441 1 0 5076, and /3 - 

75 46 The mewuromonts woro made by Topsoo in the year 1870 
There is an oxcollent cleavtgo parallel to tho faces of » {201}, is 
st ited by Topsoo and Christiansen 


/ l ii nu 

Relative Dainty —The following four independent detoimmitions 
were made — 


Weight or ialt Sp nr st 

employ tel 2074° 

B 6358 2 6535 

61058 2 5544 

5 1697 2 55J4 

5 06B7 2 5546 

Moan 2 5537 

Molemlai Munir—** - - 21011 

d 2 5537 

Distance Ritws —Combination of tho axial ratios and axiil angle 
previously given, with the moleculai volume, affords the following 
distance ratios — 

X + w = 61941 8 3054 4 213 i 
Optics 

Orientation of Ares of Optical Ellipsoid — Ihe plane of the optic ax os 
(optic binormals) is tho plane of symmotiy The sign of the double 
refraction is positive 

Two section plates gtound parallol to the symmetry plane afforded 
the following extinction angles, rolatue to the normal to the basil 
plane — 

Section 1 5" 30 

„ 2 4 36 

Mean 5’ 3 

She direction is behind the normal, nearer to the vertical axis 

This axis of the optical ellipsoid (mdicafnx) is the second median 
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line. The first median lino is consequently situated in the obtuse 
angle of the morphological axes ac, and is inclined 6* 3' to the axis a, 
The second median line lies also in the obtuse angle ac, and is inclined 
9° 9 ' to the vertical axis r. 

Refractive Indiees. —The results of tho determinations with six prisms, 
ground on six different crystals, are given in the accompanying table. 
The values obtained by Topsoe and Christiansen are appended in the 
last column. The (3 values, which were alone determined directly by 
them, are observed to agree well with the authors’ values. 

The intermediate refractive index of potassium zinc selenate, cor¬ 
rected to a vacuum, is accurately expressed os far as tho neighbourhood 
of F, for any wave-length X, by the following formula:— 

a _ , . Kft1 ^ 694 100 3 005 700 000 000 t 

p - louiu-t- - -j. ■*■••• 

As the dispersion increases with the numoiic<d value of the index, 
the a and y indices are not precisely reproduced by diminishing and 
increasing tho constant 1 5010 by fixod amounts; but they are on the 
average less and greater respectively than the (3 values by 0 0060 and 
0-0164. 

Alteration of ltefnulum h/ lhv of Trmpeiatuie .—Determinations 
carried out at 60° indicated that the indices are diminished by about 
0-0020 for 45° rise of temporaturo. 

A/fs of the Optical JilhpmiJ —Tho calculated values of the axial 
ratips of the two optical ellipsoids are os follows.— 

Axes of optical indicatrix . 

a:0:y - 0-9900:1 .1-0101. 

Axes of optical volodty ellipsoid • 

a : b 11 - 1-0040 : 1 . 0-9900. 



Refnctnc Indites of Potassium Ziru. Seltnate 
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Molecular Optical Constants .—Following are the values of these con¬ 
stants:— 


u ot optical mdicatrix. 


Specific refraction, + ~ n .{ O 

Molecular refraction, " _1 ^ — m.. -f £ 
a 1 + 2 d It* 

Specific duperuon, n 0 -n 0 . 

Molecular dispersion, nvj- m„ . 

Molecular refraction, M.C 


0-1170 
0 1199 
6 « -76 
04-88 
0 0089 
1-57 


0 -1181 
0-1211 
63 37 


0-1810 
0 1248 
64 93 
66-66 


Opitc Anal Angle .—Three excellent pairs of section-plates were 
ground, perpendicular to the first and second median linos respectively. 

Determination of Apparent Angle in Air of Potassium Zinc Selonato. 


Light. 

Section X. 

Soction 2. 

Section 8. 

Mean 

2E. 

i Li 

112 

12 

1 “’I 

a 

Ill 

60 

111 

64 

0 

112 

14 

111 

40 

113 

0 

111 

58 

Na 

112 

24 

112 

H 

112 

19 

112 

17 

T1 

112 

40 

112 

35 

112 

41 

112 

39 

P 

112 

68 

113 

1 

113 

10 

113 

3 


Topsoe and Christiansen give for the angle in air 111° 50', and for 
the true angle 66° 8', both lxnng measured in sodium light. 

The dispersion is observed to bo extremely small, and the most 
accurate measurement is required to deteruuno it, employing sections 
which afford very small rings and sharp brushes. A valuable confirma¬ 
tion of the nature of the dispersion is affordod by immersion in cedar 
oil, whose refraction is almost exactly the same as that of the crystals. 
A section porpendicular to the first median line shows, in cedar oil, 
brushes separated at their true angle and frinjod with colour accord¬ 
ing to the following scheme :— 

red | blue 1st M.L. no colour j no colour. 

The obtuse morphological axial angle ac is assumed to bo to the left. 
The optie axial angle is therefore greater for blue than for red, and 
measurements in Li and F light gave an angle larger in the latter case 
by about 5', thus confirming the accuracy of the values given in the 
table. 


VOL, lxvii. 
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Determination of True Optic Axial Angle of Potassium Zinc Selenate. 



No. of 



No of 








section 


section 


Calculated 

Mean 

Light. 

per|iendi- 
culor 1st 
median 

of 2Ha. 

oular 2nd 
median 

values 
of Mo. 

values of 
2Va 

ifllue of 
2Va. 


line 



line. 







r 

1 

flO 

7 

la 

100 

12 

06 

16 

1 

' 

Li i 

2 

59 

54 

2a 

100 

S 

66 

8 

Us 

12 

l 

3 

60 

3 

8a 

100 

14 

66 

18 

J 



x 

60 

5 

la 

100 

8 

66 

16 

1 


c J 

2 


52 

2a 

100 

4 

66 

8 

l 66 

13 

1 

a 

00 

0 

3a 

100 

6 

66 

14 

J 


r 

1 

50 

54 

la 

99 

42 

66 

18 

I 


No ^ 

2 

39 

43 

2a 

99 

39 

66 

10 

loo 

15 

1 

3 

50 

49 

3a 

90 

30 

66 

16 

J 


f 

1 

69 

80 

la 

99 

5 

66 

20 

1 


T1 \ 

2 

59 

31 

2a 

90 

3 

06 

14 

V6S 

17 

1 

a 

59 

86 

3a 

99 

6 

00 

18 

J 


f 

l 

60 

17 

la 

< H 

17 

J 66 

22 

1 


F 4 

2 

59 

11 

2a 

99 

16 

66 

18 

IflO 

20 

l 

8 

69 

19 

3a 

09 

23 

66 

20 

I 



lhyiermn of the Median fane* —In cedar oil no appreciable move¬ 
ment of the right brush, that corresponding to the optic axis situated 
in the acute morphological angle or, was detected on altering the 
wave-length of the light, the total movement occurring at the left 
brush. Hence the first median line lies noarer to the morphological 
axis a for red than for blue The amount does not exceed 6'. 

Effect of Bw of Temperaime on the Ojdv Anal Angle. —Measurements 
at 65’ indicated that 2E increases 2£° for 50’ rise of temperature. 

Rubidium Zinc Selenate, RbjZu(Se04)i,6H 3 0. 

An estimation of zinc in a specimen of the crystals employed 
afforded the following guarantee of purity: 1*1 ISO grammes yielded 
0*1426 gramme ZnO, which corresponds to 10'28 percent, of zinc. Cal¬ 
culated Zn “ 10-33. 


Goniomeiry. 

Ten suitable small crystals were employed, belonging to four differ¬ 
ent crops. 

Habit: thick tabular, sometimes prismatic. 
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Morphological Anglos of llubnhum Zinc Selenato 



sssfe gfcSoo g&gs: 
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Axial angle /J « 74 44 

Ratio of axes a i t » 0 7411 1 0 5019 

Forms observed a «= {100}ooFoo, b - {010}oo?oo, r {001}rP, 
p - {110}ooP, i - {011|?oo, o - {111J + P, 
i - {201} + 2Pcq, v - {121}+2*2 

The results of the measurements ire t Undated in the iccomp inying 
table 

The types observe d resembled those of rubidium zinc sulphate, 
especially that shown in fig 7 (p 359) of the double sulph it* momou, 
but without the I f ices as a rule Only i tiace of the orthopiaicoid a 
was discovered tho clmopinacoid b was invariably small when present 
and tho homi pyramid « was only present on one of tho crystals 
measuied The faces were fairly well developed, and afforded goal 
images of the signal Ficquently the only faces present were r, p,i, 
mil i 'Iho r f ices vinul in relative importance from tho breadth 
usuilly exhibited in the potassium saltB to tho narrow stup chaiac 
tenstic of tho cwaium salt 

fheie is an excellent cloavage parallel to tho faces of the orthalome 
* {201} 

J luiur 

hel ilu Burnt j —The following foul determm itions were made with 
independent qu entities of the finely powdered cry etuis — 


We ght of 
■all employed 

8 P g> „ 
itirr/4® 

7 8234 

2 8596 

6 0506 

2 8611 

7 8824 

2 8601 

6 7490 

2 8608 

Mean 

2 8604 


Ml ulti Volar u — 


629 0 
2 8004 


219 90 


IhitaiHt It ltio —On combining tho axial ingle and the ratio of the 
axes already given, with the molecular volume, the following ratios 
ire obtained — 


X o) -6 3062 8 4863 4 2593 


Optics 

Orientation of \Ams of Optical Ellipsoid —The optic axes (optio bi 
normals) be m thaplane of symmetry Tho sign of the double refrac 
taon is positive \ 

The following extinction angles were exhibited ty two section-plates 
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ground parallel to the symmetry plane, with reference to tho normal 
to the basal plane:— 

Section 1. 2° 0' 

Section 2. 2 7 

Mean ... 2 3 

The direction is liehind the noimal, towards the vertical morpho¬ 
logical axis This axis of the optical indicatnx is again tho second 
median line. 

Tho first median hue thus lies m tho obtuse morphological axial 
angle or, and is inclined 2° 3' to tho axis a. The second median lino 
lies also m the obtuse anglo nr, and is inclined 13° 13' to tho vertical 
axis c. 

ltefiurtiw Indies. —Six prisms, ground on six different crystals 
belonging to various crops, were employed in the determinations. The 
results are given m tho accompanying table:— 


Refractive Indices of Rubidium Zinc Solonate. 



The intermediate refractive index of rubidium zino selenate, cor¬ 
rected to a vacuum, is expressed as far as F, for any wave-length A, 
by the formula:— 

p _ , M2 314 1 397 600 000 0 00 y 

The a indices are very closely reproduced by the formula if the con- 
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stant 1-5067 is diminished by 0-0060; owing to appreciably increased 
dispersion in the y direction, tho y indices are not so accurately repro¬ 
duced, but are approximately given if the constant is increased by 
0-0109. 

Alteration of Itefiarlion by Rise of Tempetahne .—Determinations at 
60' showed that tho indites are reduced by 0-0018 by 45* rise of tem¬ 
perature (15—60°). 

Are* of the Optical Elhpviul .—Following are tho values of the axial 
ratios of the two optical ellipsoids— 

Axes of optical iiulicatiix: 

a . fi : y - 0-9961 :1 : 1 0072. 

Axes of optical velocity ellipsoid: 

s : b : t *» 1-0039 : 1 : 0-9929. 

Molmibn Optical Voti'JanK —Tho calculated values of those constants 
are as follows — 


A xia of optical uuhcatnx. | a. i y. 


Specific refraction, “ ".{» 

Molecular refraction, ^ “ w { *q 

Specific dupenion, no—no. 

Mole nlar uiapcreion, mo — me. 

Molecnliir refraction, . 0 


0 1(151 
O 1078 
66 13 
07 80 
O 0027 
1 67 


0 1062 
0-1088 
66-77 
68-17 
0 0027 
1 70 


0-1080 
0-1108 
67 92 
69-70 
0 0028 
1-78 
116-68 


Optu AjiuI Angle .—Tho following measurements were obtained with 
the aid of three pairs of section-plates, ground perpendicular to the 
first and second mediun lines, according to the indications of their 
orientation afforded by tho extinction angles .— 


Appurent Angle in Air of Rubidium Zinc Selenate. 


Light 

Section 1. 

Section 2. 

Section 3. 

Mean 2E. 

U 

186 

2 

188 

0 

188 

22 

187 28 

0 

185 

7 

188 

6 

188 

28 

187 84 

17a 

185 

88 

188 

88 

188 

6 

188 0 

T1 

135 

48 

188 

66 

188 

40 

188 26 

F 

186 

16 

140 

26 

140 

18 

188 0 
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Determination of True Optic Axial Angle of Rubidium Zinc Selenate. 


Light. 

No of 

perpondi. 
oular lit 
median 
line 

Observed 

value' 

ot 

2 lla. 

No of 
lection 
perpendi¬ 
cular 2nd 

Observed 

' or* 

2Ho. 

Calculated 

of 

2Vo 

Mean 

of 

2 V« 

r 

1 

67 CO 

la 

93 80 

74 67 


Li 4 


68 21 

2 a 

93 40 

75 12 

>75 16 

1 

8 

69 0 

3 a 

93 44 

76 38 

J 

r 

1 

67 66 

1 a 

93 35 

74 66 


0 i 

8 

68 17 

2 a 

93 38 

75 10 

1-7B 14 

l 

3 

G8 66 

3a 

93 40 

76 87 

J 

r 

1 1 

67 81 

la 

93 10 

74 60 

1 

Na 4 

1 X 

67 62 

2 a 

93 16 

76 2 

V 75 8 

L 

8 

68 36 

3a 

03 20 

76 32 

J 

f 

1 1 

87 8 

la 

92 45 

74 46 

1 

T1 4 

a 

07 20 

2 a 

92 64 

, 74 66 

>76 2 

l 


68 12 

3a 

02 66 

76 26 

J 

( 

•* l 

66 37 

la 

92 10 

74 88 

1 

F 4 

1 2 

67 1 

2 a 

02 26 

74 48 

>74 66 

l 

i 8 

67 45 

3a 

92 32 

78 18 

J 


The dispersion is thus seen to be small, but it is distmctly greater 
than in the case of the potassium salt. Iu cedar oil, whose refraction 
is almost exactly tho same as that of this salt, a section perpendicular 
to the first median line exhibits the brushes fringed with colour as 
follows •— 

blue | red 1st M.L. red | blue 

The optio axial angle is therefore greater for red than for blue, thus 
confirming the results of the measurements. 

Dispersion of the Median Lines. —In the foregoing representation of 
the colourod brush-fringes us seen in cedar oil, the obtuse angle of the 
morphological axes ac is situated to tho left. The hyperbolic brush on 
this side was more faintly tinted at the edges than the right-hand 
brush, indicating foebler dispersion of the optic axis to the left. 
Measurements in cedar oil confirmed this, and showed that the differ¬ 
ence between the position of this optic axis for C-light and for F-light 
was 8—lO 1 , whilst for the right-hand axis it was 20'. Henoe the 
median lines are dispersed so that the first median line lies nearer to 
the morphological axis a by 4—5' for red light than it does for blue. 

Effect of Site of Temperature on the Optic Axial Angle. — Very little 
change is introduced in the optic axial angle of this salt by variation 
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of temperature Measurements in succession at 10 0° and 60 0‘ indi¬ 
cated that 2E increases 30 for 50' of rise of temper ituie 

Cesium Zinc Si,i F\Arc, Os /n(SeO|),>,6H/) 

The analysis of i specimen of the ci) fatal? of thiB silt ifforded the 
following numbers 0 7027 grammo g we 0 0790 gramme of ZnO, which 
corresponds to 9 02 per cent of zinc The calculated percentage is 
8 98 

Gmtomdiy 

Eleven of the most suitable small crystals, dimed fiom five dif 
ferent crops wore employed in the gomometiicvl measurements 
Hibit fl ittoned pmmatic 
Axial angle fi - 73 49 
Katioofaxes « l r- 07314 1 0 4971 
Forms observed I - {010}oopoo t {001} F j - {110}ooP, 
y-{011}poo n {021}23?c» t> {Ill} + P, 
r - {201} + 2Poo 

The results of the measui ements ire presented in the accompanying 
table of angles 

The habit? of the crystals of the various crop? aie typified by the 
following figures of the double sulphate memoir (/; it) figs 9 ind 
10 in the dcsciiption of casium /inc sulphate fig 16 m the doscup 
tion of oPimm ferrous sulphate fig 21, but with much larger q faces, 
ind fig 34 111 the descuption of casmm cadmium rnilph ito as fai as 
legards the lolation of tho c, 1 and jfvue lhej ue characterised 
by large q facos relatively to the faces of the bisal pline which latter 
is usiullj only represented by a mcro ?tnp The ficos of the homi 
pyramid 0 are often considerably developed 
The clinopuiacoid b is frequently present, but the orthnpinacoid a 
was never obseived The clinodorac m was foiuid developed on ono of 
the crystals measui ed 

The cleavige pirdlol to r{201}, common to the senes, was well 
developed 
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Morphological Angles of Cffsium Zinc Belenate. 
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Vlvme 


1 latttf Daittl /—Four determinations with independent material 
afforded the following results — 


Sp ar 

31148 
3 1175 
31126 
3 11C 4 

Mein 31153 

Molrml ir VI e — ^ ® - 232 40 

T 31153 

Ditoit 1 ti —'Combination of this molecular vclumi with the 
axiil angle uil ixial ratios alt duly given, affords the following dis 
t inco l itios — 


Wo«ltof 
■alt e nj lo y l 
5 2958 
r » 5387 
5 l r »2o 
5 5317 


X t u- 6 3860 8 7311 4 1402 


Ojfvi 

(h lent itum f Ar i of Ojtunl hlhj sot d, —fhe plane of the optic axes 
(binoimds) is igain the pi me of symmetry Ihe sign of the doublo 
reliactnn is also still positive as for the potassium and lubidium salts 

St mroscopic ol sei v itions c imod out with two section plates ground 
pu-allcl ti the symmotiy plane gave thefillowing extinction angles 
with reference to the n nmal ti the 1 asal plane — 

Section 1 6 7 

Section 2 5 26 

Mem 5 46 

Tho direction is in front of the norm il nearer to the inclined morpho¬ 
logic vl ixis t Ihis axis of the optical in hcitrix is tho second median 
line Ihe first median line is accordingly situated in the acute angle 
of the morphologic d axos u and is inclined 5 46 to the axis a Ihe 
second median line lies in the obtuse mgle ar, and is inclined 21* 57 
to the vertical axis r 

1 tfractu Indtert -Ihe results of tho lefractivo mdex determine 
turns with six pnsms, ground on crystals from difterent ciope, are 
presented in the accomp inymg table 

Ihe intermediate ref i active mdex of caesium uno selenate, corrected 
to a vacuum, us expressed to near F, for any wave length X, by the 
following formula — 


704 232 _ 2 877 600 000 900 
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The a indices are reproduced with precisely equal accuracy if the 
constant 1’5187 is diminished by 0*0036; owing to slightly increased 
dispersion exhibited by the y indices, these values are reproduced with 
slightly leas accuracy when the constant is increased by the average 
amount of 0*0050. 

Altnutum of Kef notion by Rise of Tempeiatun. —Measurements of 
the prism angle and minimum deviation at 60°, indicated that the 
refractno indices are reduced by 0 0015 for 45° rise of temporature 
(15° to 60°). 

Arts oj the Optical Elhjtsoul .—These \ allies aie as follows: - 

Axes of optical indicatrix: a :f$ : y •= 0*9977 : 1: 1*0033. 

Axes of optical velocity ellipsoid * a . fr : t -» 1 0024 : 1 . 0*9968. 



Molrcultu Optical Constants .—These arc as under:— 


Axis of optical indicator. 

8pooWc refraction, - n.j £ 

Molecular refraotion, * • ?£■* w • • { q 

Speoiflo dispersion. Ha-no . 

Molecular diapenion, oio-w . 

MoIaoulmrrefrmcUoa, !~M.C 


« f> 


0*0991 
0*1010 
71 *78 
78 *68 
0*0026 
1*86 


0*0990 
0*1028 
78*14 
78 98 


0-0080 

1*84 


0*1004 

0*1080 


0*0020 

1*89 


126*08 
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Optv A rial Angle .—The optio axial anglo in air 2E is so large as to 
he only measurable with some difficulty, even in the cases of the largest 
and most perfectly transparent sections. Owing to the relatively small 
douhlo refraction of all the salts of this series, sections require to have 
a thickness of at loast a millimetre in order to afford small rings and 
sharp brushes. Hence, if the section is not of considerable, and not 
always attainable, rolativo breadth the brushes liecomo olwc tired. Two 
of the sections projwred enabled trustworthy measurements to bo 
obtauied, but the others, although excellent for 2Hir, did not oxhibit 
adequately clear brushes in air. * 

Apparent Angle in Air of Caesium Zinc Solonate. 


Light 

Section 1 

Section 2 

Mean 2E. 

la 

162 60 

165 20 

164 

5 

C 

163 12 

165 33 

164 

22 

Na 

165 43 

166 30 

166 

6 

T1 

168 21 

167 23 

167 

52 


No measurements wero obtainable beyond the groen, the angle 
becoming too large. 

From the results given in the accompanying table for the true angle, 
it will be observed that the dispersion of the optic axes is considerably 
greater than in the cases of the potassium and rubidium salts. To 
confirm its nature, and determine the dispersion of the median lines, 
a liquid was sought for whoso refraction was the same as that of the 
crystals, and which was without action on them. Pure methyl 
salicylate fulfils these conditions, and the interference figures afforded 
by sections perpendicular to the first median lino wore olworved, while 
immersed m a cell of this liquid. Measurements in C and F light 
afforded angles almost identical with those calculated from 2Ha and 
21Io as measured iu monobromonaphthalene, and showing the same 
amount and order of dispersion. 

Four pairs of section plates were employed in tho determinations of 
the true angle. 
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Determination of True Optic Axial Angle of Caesium Zinc Solenate 



Di pei mi <f the Midi in Line* —When the true angle is observed m 
methyl salicylate in white light, the blushes aro seen to bo highly 
coloured id accordance with the following scheme — 

blue | red 1st ML led | blue 

The angle is thus indubitably the largei foi red If the section w 
at ranged so that the obtuse angle of the morphological axes or is 
situated to the loft, the optic axis to the nght is found to be less dis 
persed botween C and T1 light by about 10 than the left-hand axis. 
Hence the median lines are dispersed by about 5 between the same 
wat e-lengths, and so that the first median line lies nearer to the moi 
phological axis a for red than for green 

Effect of Kite of Tmpmtme on ihi Optu Axial Angle —Repeated 
measurements of 2E with the beet of the sections at 60’, indicated that 
the angle in air decreases about 3° for 50’ nee of temperature 



78 Mr. A. E Tntton. A Comparative Crystallographical 

Compnibon of the Three Salts. 

A concise statement of the conclusions to he drawn from a comparison 
of the results for the throe salts will be found in the Abstract published 
in tho ‘Proceedings of tho Royal Society,’ vol. 66, p. 248. The 
following comparative tables and diagrams will enable these conclusions 
to be clearly appreciated. 


Comparison of tho Morphological Anglos of the Three Zinc Salts. 



Anglo 

( Totottium 
salt 

DifF. 

Rubidium 

salt 

- 

Hitt. 

CV*ium 

Milt 

'«*• 

- 100 

001 - 0 

75 

48 

—61 

74 

44 

-56 

73 

40 


- 100 

101 

16 

19 

-32 

45 

47 

-44 

45 



- 101 

001 

29 

20 


28 

67 


2S 

46 

cr' 

~ (Nil 

201 

03 

12(16) 

430 

63 

42(63) 

+ 64 

0 4 

36 

o' 

- 001 

TO! 

38 

22 


88 

24 


.08 

62 

t'r 

- 101 

201 

24 

60 

428 

26 

18 

+ 26 

26 

44 

l.r'a 

- 201 

100 

41 

0 

— 

41 

34 

- 

41 

35 

f ap 

- 100 

110 

SB 

63 

-14 

86 

38 

-34 

35 

4 

J PP' 

= 110 

120 

10 

28 


19 

28 


19 

28 

1/6 

- 120 

010 

34 

40 

414 

34 

54 

+ 84 

36 

28 


- 110 

010 

64 

8 

— 

64 

22 

— 

64 

06 

feq 

- 001 

Oil 

26 

8 

-19 

26 

GO 

-19 

25 

31 

i ? 4 

- Oil 

010 

G8 

R2 

— 

64 

10 

— 

04 

29 

fao 

- IO0 

111 

40 

83 

-86 

48 

69 

-47 

48 

12 

oq 

- Ill 

Oil 

27 

42 


27 

10 


27 

14 

aq 

- 100 

Oil 

77 

17 

-60 

70 

18 

-62 

75 

26 

qo' 

- oil 

Ill 

34 

81 


34 

87 


35 

6 

iy<* 

- Ill 

Too 

68 

12 

463 

60 

5 

+ 23 

09 

28 

Ceo 

- 001 

111 

86 

11 

-37 

34 

34 

-21 

34 

18 

op 

- Ill 

110 

43 

21 


48 

6 


42 

36 

•1 ep 

- 001 

110 

7« 

82 

-63 

77 

30 

-60 

76 

40 

1 P»' 

- 110 

III 

66 

60 


57 

43 


08 

14 

^o'<? 

111 ■ 

ool 

44 

88 

0(47) 

4* 

38(45) 

+ 19(12) 

44 

57 

(to 

- 010 

111 

69 

61 

4 22 

7o 

18 

+ 21 

7(> 

87 


- Ill ■ 

101 

20 

9 

— 

19 

47 

— 

19 

28 

fio' 

- 010- 

Ill 

66 

10 

44 

60 

11 

+ 8 

65 

22 

l*V 

- Ill ■ 

101 

24 

60 

— 

24 

16 

— 

21 

39 

\n 

- 101 . 

oil 

88 

86 

-84 

38 

2 

-19 

37 

43 

i qp 

«• oil ■ 

110 

86 

26 ! 

4 64 

86 

30 

+ 67 

87 

87 


- 110 . 

101 

65 

68 1 

— 

66 

28 

— 

04 

40 

f*'s 

- 1011 

Oil 

45 

16 

_ 

46 

8 

__ 

45 

21 

l qp 

- Oil : 

110 

64 

7 

-87 

68 

30 

-25 

63 

6 

Ui' 

- 110 i 

101 

70 

38 • 

4 41 

71 

22 

+ 12 

71 

34 


- 201: 

Ill 

31 

88 , 

416 

84 

49 

+ 18 

86 

2 

\tff 

- Ill* 

110 

98 

10 


92 

39 


92 

48 


- 110: 

201 

63 

17 

416(4) 

63 

32(21) 

-17(6) 

62 

16 
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The minutes figures in brackets in the table are the observod values 
in those cases where the differences between the observed and calcu¬ 
lated values are appreciable. 

The angular change is not generally directly proportional to tho change 
in tho atomic weight of the alkali motal, the maximum variation from 
direct proportion among the primary angles being exhibited by the 
prism zone, where the changes in ay or ip are as 1 to 2J. 


Comparison of the Axial Ratios 


For potassium zinc solcnate, it : b 

i ~ 0*7458 : 1 : 0 5073 

„ rubidium „ „ a. b 

r - 0*7431 : 1 : 0 5019 

„ Cffisium „ „ a :b 

t - 0*7314 : 1 : 0*4971. 

Comparison of tho Relativo Densities. 

Potassium zinc seleimto ... 

2 5537 

Diff. 0 3067 

Rubidium „ „ 

2 8604 

Diff. 0*2549 

Caesium „ „ . . 

31153 


The difference l>otween tho densities of potassium zinc and rubidium 
zinc sulphates is 0*343, and betwocn those of tho latter salt and cesium 
zinc sulphate 0*283. 


Comparison of tho Molecular Volumes. 


Potassium zinc solonute .... 

.. 210*13 





Diff. 

9*77 

Rubidium „ .. 

.. 219*90 





Diff. 

12*50 

Ciesium „ . 

.. 232*10 




The differences for the two replacements in the zme double sulphates 
were 9*52 and 12*68. 


Comparison of the Distance Ratios. 



X- 

Diff. 


Diff. 

- 

Diff. 

KZn telcnsts... 

6*1941 

1181 

8*8064 

1806 

4*2138 

460 

BfcZn „ ... 

Criin n 

6*8069 

798 

8*4868 

' 8*7811 

1 

2448 

4*2698 

4*8402 

| 809 



1919 

4SS7 

! 1269 








80 Mr. A. E. Tutton. A Comparative CrystaUographdcal 

Then ratioa may bo simplified by referring them to f tor KZn 
selonate as unity, when the values for that salt become identical with 
the axial ratios. These ratios are as under:— 


KZn eelenste... 
BbZn „ ... 

OsZn „ ... 


0-6078 
0-6188 
0 6226 


0 7-468 
0-7698 


Comparison of the Orientations of tho Optical Indicatrix. 
Inclinations of Axis a of Indicatrix to Vortical Axis r. 


For potassium zinc solonato .... 9 9 

Diff. 4 4 

„ rubidium „ . 13 13 

„ 8 44 

„ caesium „ „ . 31 57 


The rotation of the ellipsoid is cloarly illustrated by fig. 2. 


Comparative Table of Refractivo Indices. 


Index 


Vibr. 



Vibr. 

lStX. 



Light. 

| KZn islenato. 

1 

i 

i 

CaZn telennbe 


Li 

1 6087 

i 

1 1 6129 

1 6290 


0 

X 6092 

1 1-3184 

1-6296 


Na 

1-6121 

1 1-6162 

1-6826 


T1 

1 -6161 

1-6194 

1-5868 


F 

1-6189 

1-6288 

1-5899 


a 

1-6241 

1-6288 

1-5469 

f 

Li 

1-6146 

1-6188 

1 -5328 


0 

1 -6161 

1-6198 

1-6381 


Na 

1 6181 

1-6222 

1-6868 


T1 

1 -6218 

1-6268 

1-6894 


F 

1 -6262 

1-6298 

1-6485 


a 

1-6807 

1-5861 

1-6496 


I bi 

1-6297 

1-6294 

1*6876 


0 

1-6802 

1-6299 

1-6880 


Ft 

1-6836 

1-6881 

1-6418 


T1 

1-6869 

1-6866 

1-6446 


F 

1-6410 

1-6406 

1-6488 


a 

1 -6471 

1 "6468 

1-6649 
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Fro 2. 



Tho boat mode of comparing the refraction of tho throe salts is 
probably to take tho moan of all throe indices, for an intermediate 
wave-length, of each salt, and to sot those mean mdicos side by side. 
Such values for sodium light arc given below. 

Mean refractivo index of KZn solcnuto for Na light l‘5212 

Diff. 26 

„ „ ltbZn „ „ 18S3M 

129 

„ „ CsZn „ „ . 1-3367 

Tho mean refractive indices of the K, Rl», and Cs <dnc sulphates are 
1-4859, 1-4897, and 15034. The differences, 38 and 157, are thus 
reduced when sulphur is replaced by selenium 


Comparison of Double Refraction, Nay 


For KZn sclenato . . . .0-0214 

I)iH 

„ RbZn .0 0169 

„ CsZn ..0 0086 


The difference for the first replacement, 43, is thus neatly double that 
of the mean reflection, 26. This explains why, in spite of tho general 
progression in refraction, the y indices of RbZn selenate are slightly 
less than those of the KZn salt 

The relations of the refractive powers of the three salts are con¬ 
cisely expressed by the axial ratios of the optical ellipsoid, which are 
oompared beneath, and even more clearly by tho continuous curvos in 
fig. 8, which express them graphically. 

YOU LXVII. o 
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Compaiison of the Optical Ellipsoids 
Optical Indioatnx 

a $ y Double refraction 
kZn selonate 0 9960 1 1 0101 141 

ltb/n 0 9961 1 10072 111 

CsZn 0 9977 1 10033 06 

Optical \ clocity 1 lhpsoul 
a b t 

KZn selenite 1 0040 1 0 9900 140 

Rb/n 1 0039 1 0 9929 110 

Cs/n 100-4 1 0 9968 >6 

Comp u isun of the Optical Imlicitnces when (i k/ 1 

a $ y 

K/n *elenate 0 9960 1 1 0101 

28 27 2 

RbZn 0 9988 1 0027 1 0099 

108 92 oi 

CmZm 10090 10113 1 0112 

fhe 11 st senes of istios shows the totil chan go of the ellipsoid on 
(Missing from ono salt to mother tnd the numlwrs are obtained bj 
(onsidonng the initial length of the /3 uis that is, its length in the 
potissium salt is unity Dioy ire graphically expressed by the 
dotted cuives m fig 1 

iia 3 



Aial rstuM of optical induatnx 
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Besides the main conclusion regarding these axial ratios, given in 
the Abstract, it will be observed that a notably less change occurs in 
the length of the y axis of the indicatnx than along the other two 
axes, when the total chango is consideied, this is illustrate! I by the 
less swoop of the corresponding curve of the dotted senes shown m 
flg. 3. When the relative change only is considered the reverse is 
observed, the chango along thu y axis being the maximum, and its 
curve of tho continuous series in fig. 3 taking tho greater sweep. The 
relative relationships of thu three axes to one another, in the case of 
each salt, govern the magnitude of the optic axial angle of each salt, 
and the fact that tho positions for the rubidium salt are intermediate, 
points to an intermediate optic axial angle for that salt, an expecta¬ 
tion which tho next table shows is fulfilled. 

The diminution of the double refraction as the atomic weight of the 
alkali metal is increased is cleaily shown by the ratios, and by thu con¬ 
vergence of the curves. 


Comparison of True Optic Axial Angles, 2Vn. 

Light I KZn Holcimtc I RbZu tuleimto | C«Zn wlcnatc 


(Mi 12 70 16 

HO IS 76 li 

1*0 16 | 76 8 

66 17 | 76 2 

66 20 I 74 35 


88 :« 
88 30 

83 6 

82 43 

82 14 


I 


The symmetry piano is the common plane of the optic axes. The 
double refraction is positive for all thiee salts, and the disposition of 
the median lines is also identical, subject to the rotation of the whole 
optical ellipsoid. 

Comparison of the Molecular Optical Constants. 

Specific Refraction, , = «. 

(» J +2)d 

For ray C (II«). For my lly now G. 

7 f) y T 6 v 

KZnsel. 0-1170 0-1181 0-1210 0-1199 0-1211 01242 

119 119 130 121 122 134 

KbZnsel. 0-1061 01062 0 1080 0-1078 0-1089 0-1108 

60 66 76 02 67 7« 

CsZnsel. 0-0991 00996 0 1004 0 1010 . 0-1022 0*1030 



84 Stvrfy of the Doublt Selenaten of ike Series R J M(Se0 i ) s ,6H,0. 

Molecular refraction, i ^I-1 ■ ^ = m . 

« 2 + 2 d 

For ray o (Ha) For ray Hy near Q- 

a 0 y a 0 y 

02 70 03 37 64 93 64 33 64 98 66-03 

3-37 3-40 2-99 3 47 3-49 3 05 

06 13 66-77 67 92 67 80 68-47 69-70 

5 60 5 37 4 77 6-78 551 4 88 

71 73 72 14 72 69 73-58 73-98 74 58 

SjKjeifie Dispersion, nr,, - n< 

a $ 

KZn sol. . 0-0029 0-0030 

IfbZn scl . . 0-0027 0-0027 

CsZn sel 0 0025 0 0026 

Molecular Dispomon, m u - tn c - 

a 0 y 

KZnsel . 1*57 161 1-72 

RhZnsel 1-67 1-70 1-78 

CsZn sel. 1-85 1-84 1 89 

Molciul.il- Refraction (Gladstone), " “ ^ M 

a 0 y 

KZnsel 107-00 108-24 111-41 

5-90 5-90 5 12 

RbZnsel. 112 90 11420 116*53 

10-16 9-69 8 50 

CsZiihc! 12306 123-89 125 03 

The rules stated in the Abstract regaiding specific and molecular 
refraction are independent of the wave-length, and whether they are 
oalculatod by the formulae of Lorenz or Gladstone and Dale. They 
are also independent of temperature, for it has been shown with 
regard to each salt that the refraction is diminished by rise of tem- 
peratuie, and the density, the other factor in the calculation, is 
naturally affected in the same direction by increase of temperature. 

The replacement of sulphur by selenium in these sine double salts is 
accompanied by an increase of molecular refraction of 7*0- 7-4 Lorenz 
units or 13-0—13-9 Gladstone units for the ray C, according to the 
.direction compared. The increase due to each atom is thus 3-5—3*7 or 
6-5—6-9 units. The values derived from a comparison of the simple 
sulphates and selenates were 3-4—3-8 or 6-2—7-2. The moan values 
derived from the two series are thus identical. 

In the next communication the magnesium group of salts will be 
described. _ 


7 

00032 

0-0028 

0-0020 


KZn sol 
RbZn sol 
CsZn sel 
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" Certain Laws of Vaiiation. T. Tho Reaction of Developing 
Organisms to Environment” By H. M. Vkrnon, M.A., M.D., 
Fellow of Magdalen College, Oxford. Communicated by 
Professor E. Ray Lankestku, F.R.8. Received March 7,— 
Read March 29,1900. 

In a former paper* it was shown that tho ova of the Echinoid 
Strongylocentrotus lioidm were oxtraonlinarily sensitive to their environ¬ 
mental conditions at the time of impregnation. For instance, by keep¬ 
ing the mixed ova and spermatozoa in water at about 26“ or 8“ C. for an 
hour, the plutei obtained after eight days’ development wore some 5 per 
cent, smaller than those from ova kept at about 20° at tho time of 
impregnation. It was oven found that the effect produced was nearly as 
great if the time of subjection to tho abnormal temperature were 
reduced to ono or three minutes, though if reduced to ton seconds it 
•was not so great This latter result was probably due to tho time 
being insufficient for all the ova to become impregnated ut tho abnormal 
temperature. 

Those observations have now boon repeated and confirmod, and in 
addition others have been made upon the reaction of tho ova to 
environment in the later stages of their development. It has thereby 
been found that the degree of this reaction diminishes in more or less 
regular proportion from tho time of impregnation onwards. 

The method of experiment is fully described in the above-mentioned 
paper, so it will be sufficient to state horo that it consists in shaking 
pieces of the ovarieB and of tho testes of sevoral specimens of the 
Echinoid in small beakers of water, and then bringing portions of the 
contents to the required abnormal temperature. These portions are 
then mixed, and after an hour the temporaturo is gradually brought 
to the normal by floating the beakers in large vessels of water. The 
now impregnated ova are then pourod into covoretl jars holding 2} to 4 
litres of water, and after eight days the plutei into which they develop 
are killed and preserved, and measurod under tho microsoope with a 
micrometer eye-piece in groups of fifty. In addition to these plutei, 
others are obtained in each case from ova impregnated at a normal 
temperature, but allowod in all other respects to develop under similar 
conditions. These constitute the normal or standard larva, from which 
the variations in the mean size of the other larva are calculated. The 
particular dimension measured was tho length of the calcareous skeleton 
of the “ body ” of the larva, that of tho arms as u rule not being deter¬ 
mined in the present research. 

The results obtainod, both in the old and the present series of experi- 
• • Phil. Trsns./ B, 1696, p. 677. ‘ 
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mints, are given in the accompanying table those of the old sene* 
1 icing the means of several obeen ations — 



Iloro it will bo seen that, on m a\ 01 age a more rnifai onrablc effect 
was produced by exposure of the ova to i temperature of about 25 5° 
for an hour or a minute it the time of impregnation than to one of 
ibout 8 Thus 5 7 per cent diminution was produced m the 10 ob 
sorvations at 25 5*, and only 3 9 per cent in the 14 at about 8 
All these observations were made on the plutous of btrmgyloLmhotm 
Hindus A further senes was also made with the plutous of Sphtrierhtrus 
tpanularw This was found to be a somewhat less vanable and less 
reactive organism, but even m its case a most distinct effect was pro¬ 
duced The dimension measured in this larva was likewise the body- 
length * The results obtained wore tho following — 


lime of expomre 

Temperature of impregnation at 

Percentage 

diminution 




in *l*e 

produced j 

temperature 

Homial larri 

Abnormal larva 

1 hour 

17 4 

18 8 

7 7 

p 

19 6 

10 9 



18 8 

10 4 

4 6 


B 8 

18 0 

8 8 


It 1 

87 1 

8 6 

5 minute* 

i 


4 8 

1 hour 

\ *0 9 

88 7 

0 9 

8 minute* 

\ 


0 9 


* 


lor figures of ^ttss larva, rtf* 'Phil Thus B 1896, p 468 
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Lame impregnated for an hour at about 11* were, on an average, 
4-0 per cent, smaller than the normal, or practically the same as m the 
ease of Strongylorentntiu larvae. An abnormally high temperature does 
not seem bo effective, however, judging from the few results available 
Thus one hour’s exposure to about 27° caused only 1 *7 per cent diminu¬ 
tion, and five minutes’ oxposure 2 C per cent. It should bo mentioned 
that both in this ease and that of StrongylocmtTotu% the conditions of 
the short-time exposure exporimonts differed in one respect from the 
others, as the beakers of abnormally cooled or warmed ova were poured 
directly into jars of water at normal temperature, and wero not first 
gradually warmed or cooled That the shook of this sudden change of 
temperature cannot be held accountable for much of the effect produced, 
is proved by the fact that in those experiments in which tho time of 
exposure was reduced to ton seconds, only 1 -7 per cont diminution in 
the sise of the laivee was ptoduccd altogether. 

Experiments wero now made to dctci mino the effoct of exposure to 
abnormal temperatures dining later stages of development. In each 
case all the ova were kept for tho fiist hour during impregnation at the 
same temperature, and woie then dmded up into two portions, which 
wero poured into jais of water at different tcmjioraturos. In the first 
experiment, made in March, tho temperature of tho Aquarium tank 
water was on an avorago 12 9°, or distinctly low. Some of the ova, 
after an hour’s impregnation at 13 2”, wore accoidingly poured into a 
jar of water kept at 22". At various later poiiods tho contents of this 
jar were stirred up, anil portions of it poured into smaller jars, which 
were then transferred to the tank of running water at 12 9*. The 
temperature of 22°, which previous experiments had shown to be about 
the most favourable for the development of the larvse, was maintained 
practically constant by keeping tho jar in a larger vessel of water, 
which in its turn rested on the top of a water-bath warmed very 
slightly by means of a gas flame provided with a regulator. The 
results obtained in this experiment are given in the following table, 
the body length of the normal larva), or those kopt at 12-9° during tho 
whole of their development, being taken as 100:— 


Condition*. 

Sue 

Percentage 
inorraee 
per hour. 

During hoi 

Normal terra (18 »°). 

1-11 hows star. . 

100-00 

99 06 

ml 

1—11 

1-18 „ . 

110-86 

0-40 

1-88 

a » . 

116-86 

0 Itt 



the lame developing from ova kept 
■ i 


Tot bomm unaoxm 
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only ten hours at 22* were apparently not affected. As subsequent 
results will show, this was doubtless due to some error. Those from 
ova kept from the end of the 1st to the end of the 28th hours were, 
however, increased nearly 11 per cent., or on an average 0-40 por 
cent, per hour for each of those hours. The larvae from ova kept 
seventy hours at 22* were increased by about 16 per cent., so the ad¬ 
ditional forty-three hours produced ail extra increase of 5 39 per cent 
On an average, therefore, the increase during the 29th to 71st hours 
amounted to only 0‘12C per cent, per hour, or less than a third as much 
os for the earlier period. 

In the next experiment, made in Apiil, tho temperature of tho tank 
water was 13'8°. In this case we see that by keeping t.be developing 


Condition!. 


Suo. 


Normal Urns (13 8°). 

1—8 hours st 28°. 

1—19 „ „ . 


1-193 „ 


100 00 
107 55 
111 00 

109- 7fi I 

110- 88 | 


Percentage 
incretine 
per hour. 


1 -08 
0-37 


0 

0 


1—8 
8—19 
19—<3 
19-192 


ova during tho 1st to 8th hours at 23’, the larvte were increased 7 0 
per cent, in sine, or 108 per cent, per hour. For the 1st to 19th hours 
the increase was 11 -6 per cent, or, on an averago for tho 8th to 19th hours, 
0-37 per cent, per hour. Again, therefore, the increase per hour for the 
later period is only about a third that for tho oarlior. After the 19th 
hour, apparently no further increase in giro was produced. Probably 
this is an error, but in any case the effect must have been very slight 
It should be pointed out that there is probably w almost every ease a 
possible experimental error of some 2 per cent in the determination of 
the growth of those larvre, and occasionally, as wo saw in the preced¬ 
ing experiment, this error may for some unknown reason be consider¬ 
ably greater. 

In the next experiment only approximate results can be calculated. 
Thus larvm were grown at respectively 13-3* and 20-3* during the 
whole period of development, hut some of them were also preserved 
and measured after only 3$ days’ growth. Tho following values were 


obtained:— 

31 day •. 

8 day*. 

Kept at 13-3* .. 

. .. 88-28 

100-00 

„ 20-3* .... 

. .. 109-63 

111-98 


Here we see that the larVte grown only 3£ days at 20-3’ are 9-63 per 
cent larger than thoee grotyn 8 days at 13-3*. If they had been kept 
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an additional 4$ days at 13*3° they would doubtless have grown some¬ 
what more. The increase for tho 1st to 84th hours is therefore some¬ 
what more t.lmn this 9*63 per cent., though loss than 11*98 per cent. 
Let us take it as 10*80 per cent., or 0*130 per cent per hour. Again we 
see that the lame kept 8 days at 20*3* are only 2*35 per cent larger 
than those kept 3£ days at this temperature. Hence tho maximum 
effect capable of being produced by the more favourable temperature 
during this 84th to 192nd hour must be somewhat leas than 0*022 per 
cent per hour, or not a fifth of that produced in the earlier period. 

The next experiment was made in July. After an hour’s impregna¬ 
tion at 22*7°, some of the ova were poured into a jar of water which 
stood in another jar which was surrounded by wator and ice. By this 
means the dovolopmg ova were kept at about 12°. Every few hours the 
water was stirred up and portions of it poured into jars, which were then 
transferred to the tank wator. This had a mean temperature of 22*3*. 
Tho following results were obtained .— 


Condition*. 

8 ui« 

Percentage 

diminution 

During boon 

Normal lairm (22*6°). 

1—6 hour* at Iff*. 

100*00 

93*81 

per hour. 

1-28 

1-6 

1—10 . 

92*87 

0*31 

8—10 

1-21 „ „ . 

00 09 

0 21 

10-21 

- —— 

— 

- - - _ 

_ -- 


Hero we see that the effect produced during the 1st to 6th hours was 
four times as groat as that during the 6th to 10th hours. In another 
experiment some ova, which had been impregnated at 1* C., and bad 
thereby givon rise to larvae 3*6 per cent, smaller than the normal, were 
kept for the next eight hours at 6° Tho larvra resulting therefrom 
were still 9*34 per cent smaller, or, on an average, were diminished 
1*17 per cent for each hour of exposure to the abnormal temperature. 

As it was found somewhat troublesome to keep a considerable volume 
of water some twelvo or fiftoon degrees below that of the atmosphere 
for many hours, the rest of the observations were made on the effects 
of keeping the developing ova at a higher temperature than the normal. 
As the temperature of the air in the summer months at Naples, where 
these experiments were made, varies but little from day to day, it was 
easy to keep the water in a tank holding about 30 litres at a practically 
constant temperature throughout the experiment In fact, it did not 
vary more than 0*3° or 0*6* at tho most In such a tank, if left un¬ 
covered, the temperature of the water was found to fall by evaporation 
to about 25°, or about 2' lower than that of the atmospheric tempera- 
By covering it up, this could be diminished if wished, and small 
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quantities of hot or oold water oould be added to bring the temperature 
to exactly what was required. The room in which this tank was kept 
was shut up closely at night so as to prevent cooling. 

In the first experiment some of the ova, after an hour’s impregnation 
at 22’2\ were kept for varying periods in this tank of water at 28-0% 
and portions of them transferred in smaller jars to Aquarium tank 
water at a mean temperature of 23-5 . Tho following results were 
obtained — 


Hannal lams (88 'V) 

1—4 boon »t 80“- 

1-8 „ . 

1-12 . 

1-22. 

1-144. 


100-00 
88-83 
88 00 
04-56 
80-81 
98-48 


-8 89 
+ 0-14 
+ 1-48 
+ 0-47 
-0 007 


During hours 


Here we see that three hours’ exposure of the developing ova to a 
temperature of 26“ produced a diminution of 11-7 per cent in the size 
of the larvae. Further exposure, on the other hand, not only failed tp 
produce a further diminution of size, but gavo an actual increase, which 
gradually became more and more marked. It is obvious, therefore, that 
a temperature of 26*, though harmful to tho ova in their earlier stages 
of development, becomes advantageous in tho lator stages. The reason 
of this will be made evident further on. It might bo thought at first 
sight that this and other similar experiments in which the environment 
produces a varying effect, could be of no use in deciding the question 
under discussion. By judicious selection of certain of the values, how¬ 
ever, useful results are obtainable. Thus, in tho present instance, we 
see that by tho end of the 8th hour the favourable action of the high 
temperature has already established itself, and it remains established 
from that time onwards. All results obtained after this period are, 
therefore, of value, and the figures which show that the effect produoed 
between tho 8th and 12th hours is three times as great as that between 
the 11th and 22nd hours, are genuine ones. The apparent slight 
diminution of sue occurring between the 22nd and 144th hours is doubt¬ 
less due to experimental error. In all the observations made during 
the su mmer months the larye were killed and preserved after only six 
days’growth, instead of mght This was beeauae they practically roach 
their maximum rise in this period, the rate of growth being so much 
gutter than at the lower temperatures experienced in the spring. 

I»#e next e xp e rime nt, the adverse effect produced during the fir# 
far hours’ exposure wm extraordinarily great so that tho favourable 
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infiuenoe of (ho later hour* was only very partially able to counteract 
it Thus, during tho 1st to 4th hours, the diminution effected was no 
lees than 6‘45 per cent, per hour. There was even a slight additional 
diminution during the next 3£ hours, but after that the increase in size 
noticed in the above experiment set in. It is probable that an un¬ 
favourable effect persisted oven to the first portion of the 7 J to 11 hour 




Percentage 


Condition*. 

Hue. 

variation p«r 

Oaring hour* 



hour. 


Normal larren (24 2°) .... 

100*00 



1-4 hour, at 28 ‘0° . 

8094 

— 8*4# 

1—4 

1-7* „ 

79*24 

-0 40 

4-7* 

1—11 „ „ 

80*81 i 

+ 0*28 

7J-U 

1—22 „ . 

84 25 

+ 0*20 

11—2B 

1-144 „ „ . 

87 27 

+ 0 025 

22-144 


period, as the percentage inci(*.iho per hour is considerably less than one 
would expect. The only values which are unequivocally genuino are, 
therefore, tho last two. From these we seo that the effect produoed 
between the 22nd and 44th hours is only an eighth of that botween the 
11th and 22nd hours. 

It was thought that perhaps the very niaj ked diiuuintion produoed in 
the size of tho larvae might be m part duo to the rather sudden changes 
of temperature to which tho developing ova were subjected. These 
changes wore not, as a matter of fact, by any moans remarkably sudden, 
as tho water in which the ova were placed after impregnation took 
about fifteen minutes to attain its temperature of 26°, whilst the reverse 
•change from 26” to 34 2”, the temperature of the tank water in this 
experiment, took about tcu minutes. Still, to test this supposition, 
some of tho ova used in thiB experiment wore subjected to several' 
•changes of temperature. Thus, one portion, diroctly after the first 
hour’s impregnation, was kept throe hours at 26°, then seven hours at 
24-2°, then fourteen hours at 26°, and the remainder «f the time 
at 24*2’. The size of the larvse obtained therefrom was or, 

if anything, somewhat larger than one would have expected. Another 
portion of the ova was kept for the 1st to 7Jth bouzs at 34*2°, the 74th 
to 22nd hours at 26*0°, and the remainder of the tame At 24 2*. The 
sue of these larve was 94*23, or 5 per cent, less than the normal Qne 
would have expected them to be if anything slightjy larger than the 
norma), as they were kept at the lower and favourable temperature 
-during the first 6$ hour*. Still, these two experiment#, taken together, 
*how that dm effect of even several changes of tenpasters* can onlpbe 
J&fiht- 
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Still, again, it was thought that the vigorous stirring of the water 
which was necessary in order to distribute the organisms evenly 
through it previous to withdrawal of a portion, might perhaps exert a 
retarding influence on development However, this was evidently not 
so, as, in two experiments, in which the watei was absolutely unstirred 
throughout,tho resulting larvte variod by respectively + 20 and - 2"6- 
per cent from those derived from frequently-stirred water 

In the last experiment to be described the developing ova wore kept 
at 25° and not at 26°. Consequently, tho diminution produced in tho 
size is not so great. In this case, also, two paiallel senes of observa¬ 
tions were made, one with Stionqi/loanlrvtiii ova as usual, and another 
with the ova of Sphtueehtnui granulans In the former case, the 
unfavourable effect of the high temperature peisisted till tho end of the 


1 

Conditions. 

St* ongploctntrof tu 
larva 

*£ 5 ? 

SpUtreekiinu larva 

Sire 

Pereontago 

1 armtion 
per hour 

Sue 

Percentage 
variation 
per hour 

Normal lure (23 3°) 
1—4 hours at 26 ° .. 
1-9 „ 

1—21 „ 

1—144 „ 

100 00 
03 06 
02 04 
07-68 
06-88 

-2 02 
- 0-28 
+ 0-42 
-0 007 

1-U 

4-9 
9—21 
SI—144 

100-00 
97 66 
94-20 
93-00 
06 17 

— 0-81 
-0 67 
- 0-02 
+ 0-009 


9th hour, and, in the latter, until at loast the 21st hour, and possibly 
ev eh later. Tho Sphcerechinns ovn did not react so much to tho environ¬ 
ment as the Slrongylocfntrotui, just as was found to lie the case in the 
experiments on the effect of temperature at the time of impregnation. 
Still these observations on Sphatrehm hi, as far as they go, more or less 
support the conclusion drawn from the Stun\gyloc<nhotus experiments, 
viz., that there is a diminishing reaction to environment as tho stages of 
development progress. 

We see, then, that in all of thoso four sets of observations the 
originally unfavourable influence of tho high temporaturo is later on 
converted into a favourable one. What is the cause of this 1 No* 
absolute explanation was arrived at, but some observations made on 
the maximum or death temperatures of the developing ova gave a very 
satisfactory partial explanation. In these observations portions of 
the water containing the ova in various stages of development were 
jkeed in & beaker, and this was placed in a larger beaker of water 
which was gradually warmed. The beaker containing tho ova was 
continuously stirred with a thormometer, and when the required tern- 
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perature had been reached it was removed from the warm water and 
quickly cooled down by a stream of cold water. After keoping for 
twenty-four hours, corrosive sublimate was added to kill off any of the 
embryos still surviving, and they were all collected in a small glass cell 
and examined under the microscope. From the different stages of 
development attained by tho developing ova killed at the time of hoat- 
ing, and those only killed twenty-four hours later by tho snbbmatc, one 
could easily determine the effect of tho various dogroos of high tem¬ 
perature. 

For ova at the time of impregnation tho fatal heat temperature is 
probably aliout 28T>°. Thus only 31 por cent, of some ova boated to 
27‘7° at tho time of impregnation wore found to have developed to 
normal hlastulte twonty-four houre later, whereas some of the same ova 
impregnated at a normal temperature (14 - 2") were all found without 
exception to havo reuched tho blostnla stage On tho other hand, in 
unother case not a single ovum out of a number heated to 30' at the 
time of impregnation showed any sign of normal development twenty- 
four hours biter. 

As regards subsequent stages, portions of some developing ova l four 
hours after impregnation, were boated to respectively 29", 32°, 35 , 
and 38". Next day all tho embryos heated to 29° and 32’ had noarly 
or quite arrived at tho plutcus stage, whilst none of those boated to 36' 
or 38° had got further than the half-formed blastula stage. Tho fatal 
temperature must therefore have been botwoen 32" anil 35°, or say 
32'5“. Other portions of tho same stock of developing ova were 
heated in a similar manner twelve hours after impregnation. Next 
day all those heated to 29°, 32°, and 35° had arrived at the full or semi- 
pluteus stage, whilst all of those heated to 38' were cither normal 
blaatulro or blastulee just beginning to invaginate. The death tempera¬ 
ture iir this caso must therefore have boon about 36'5°. Still other 
portions of the same stock of embryos were heated to various tempera¬ 
tures twenty-eight hours after impregnation. They had now arrived 
at the free-swimming pluteus stage, and hence it was quite easy to 
determine by naked-eye observation what effect had been produced. 
Of tho plutei heated to 37°, none were affected, but all of those heated 
to 39’ sank to the bottom of the beaker in a few minutes. However, 
about a third of them hod recovered an hour after, and all of them had 
reoovered several hours after. None of those plutei wore heated above 
39 , so the actual death temperature was not determined; but other 
■results showed that the death temperature is only slightly above 
the heat paralysis temperature, so one may conclude that it was in this 
case about 39-5’. 

On hoating some of the six days plutei obtained from the same stock 
ol ova, it was foimd that a quarter of an hour after heating, three- 
fourths of those heated to 39° had sunk to the bottom of the beaker. 
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and ull of those heated to 40" and 41". After an hour, all of those 
heated to 39", and half of thoso heated to 40°, were free-swimming. 
After four houni four-fifths of those heated to 40’ wero free-swimming, 
but none of those heated to 41 ’ had recovered. The death temperature 
was therefore about 40 3*. 

These death tomperaturo ol*orvations perhaps become more striking 
if put in tubular form Thus-— 


Death 

tempeatUM. 


28-8“ 

38-8 

36*8 

3J*5 

40*3 


Tt should Iks i onuu kod th.it the embryos usod in these observations 
had been kept at 26* during development. Six days’ plutei obtained 
from the same stock of ova, but allowed to develop at 23*5° instead of 
26°, wero found to have a death temperature of 39*3°. Thus the 
higher temperature of development had produced a certain amount of 
acclimatisation. 

The bearing of these results on the curious double effect of exposure 
of the developing ova to high temperature is obvious. Thus, if a tem¬ 
perature of 29° is fatal to the vitality of ova at tho time of impregna¬ 
tion, the temperatures a few degrees below this are doubtless unfavour¬ 
able to development. Still lower temperatures, on the other hand, are 
known to oxert a favourable influence. Now as in the course of 
development the death temperature gradually rises, ono js quite 
justified in ooucluding that the lower limit of the unfavourable tem¬ 
perature lises too, and very probably to a more or less similar extent. 
In the above experiments it was found that up to tho end of four hours 
a temperature of 26“ was distinctly unfavourable to growth. During 
the next four hours it was more or less neutral, but after this time it 
was most distinctly favourable. Now the present observations show 
that between the 4th and 12th hours the death temperature rises about 
3°, so what was an unfavourable temperature to the earlier stage of 
development may have liecome converted into a favourable one to the 
later stage. 

Det us now return to the results on the effects of temporary subjection 
to abnormal temperatures. These were obtained under such a variety 
of conditions that one is scarcely warranted in grouping tbejp all 
together, but the majority of them can he split up into three mor® at 
lose homogeneous groups. In ono tho so-called normal larvje wese 


Stage of development 

Time after 
impregnation. 

Strong ifloctttirolva ot a 

4 hour. 

is >. 

38 „ 

6 dny. 

Semi.blutala. 

Blutultt aud «enn-gutrul* .. 

Plutci and tomi-plutoi... 

Plutei... 
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kept at about 20", and the abnormal onos wore kept for varying num¬ 
bers of hours at about 8", whereby u negative effect on growth was 
produced. In another, tho normal larvae were kopt at 13°, the 
-abnormal at 22°, a positive effect being produced, and m the third the 
normal larvae wore kopt at about 24° and the abnormal ones for varying 
periods at about 26 , whereby a negative offert, followed by a positive 
one, was produced. 


Non 0*1 larva? at SO . 
abnormal at 8°. 

Normal larva at 13'. 
almormal at XT. 

Not mal larva at 84°, 
abnormal at *#’ 

u^wure 

Mean 

hour. 

Per cent, 
variation 
in atm 
per hour 

inlunin. 

Mean 

time in 
hount 

Per oent. 
variation 
in «lro 
per hour. 

Time of I Moan 
exjxmire 1 time In 

variation 
In alre 
per hour. 

S—10 

10—X] 

0*6 

3 6 
3*0 
8*o 

1A A 

-4*14 

-I’M 

-1*17 

-0*31 

1—fl 

#—19 
1—98 j 
19—48 
1—81 
as—71 | 

’ i»—iia 

#*« 

18*5 

41*0 

40*1 

101 V 
1MV 

+ 1 08 

4-0 37 

4 0 40 

To 

1 J 9*033 1 

1-1 1 

3—1 9 3 

1—4 a A 

8- 13 10*0 

9— 31 1A*0 

, 11—» 18*5 

1 ia-aa 17 0 

. 31—144 83*6 

38-114 88 0 

33—144 88*0 j 

~5*W 
-S 45 
-3*80 
—8*08 
4-1 48 
4-0 48 
4-0*80 
+0 47 
0*0 

4-0*085 

0*0 


The results are arianged in this table aceordmg to tho times dining 
whioh the larvte wero exposed to abnormal conditions. Tho means of 
these times are also given, as comparisons are thereby rendered easier. 
In the first line of the loft poition of tho table is given the average 
effect produced in the ten experiments already quotod, in which the ova 
were kept at about 8° at the time of impregnation. (The oxpetiments 
in which the time of exposure was olio to three minutes have been 
omitted, as the effect produced in this case was probably something 
special, directly connected with tho act of impregnation.) The results 
in this group of observations show a faiily regular and very rapid 
diminution in the effect produced on the size of tho larv» with pro¬ 
gress in development, but unfortunately they extend only to the 21st 
hour. Tho results in the middle portion of the table extend tp the 
192nd hour, but they are very irregular. Nevertheless they also, on 
the whole, show a rapidly diminishing effect The results in the right 
portion of the table bear out this result moro fully. In the first line is 
given the mean of tho seven observations in which the ov# were kept 
at 26° at the time of impregnation. In the next three observations in 
the table, in which the mean time of exposure was 2'5 hours, the mean 
effect produced was 4'1 per cent. In the 10th boor it was 1'4 per 
cant, in (he 16th to 17th hours on an average 0*36 per cent,, and in 
the $ 9/4 hour on an average only 0*008 per cent All the observations 
atad% therefore, whether taken in the small groups In which they w#ra 
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originally obtained, ot taken collectively, agieo ui showing that the 
effect of temperature on the growth of an organism diminishes very 
rapidly from the timo of impiegnatum onwards It is to be noticed 
that tho effect produced was is fat as could )>o ascertained, a perma 
nent one At least it pemstod to the full Uival growth of the 
organisms for the larvsc woi e found to practically cease growing after 
six to eight days development How much would havo persisted 
through tho metamorphosis to the adult Fchinoul *-tige is, of course, 
mother mattoi 

It seems highly probable that a hat is tiue for temperature is true 
for other environment il conditions, and that future research will 
justify one in issuming the existence of a defimto Law of Variation 
This might bo wordod u> follows • The permanent effect of eni vronmerd 
n the quulh if a deielopinq mgamvm dmtmdiei reqidailq and rapidly 
hom the turn of v ipreqnatum ovicaul 

It is necessary for me now to make one serious criticism of all these 
observations one which I regiot to say did not occur to me till after 
they had been completed and when it was too late for me to put it to¬ 
rt proper experimental test This criticism depends on the obvious 
fact that all organisms must be confined within comparatively narrow 
limits in theu powers of giowlh so thit for instance supposing a 
Slronqyloemtrotue plutons under avenge conditions attains a size of 
100, then piobably under no conditions whatsoevci could it 1>c made 
to attain a huger size than 120 to 125 or a smaller one than 80 to 
75 Thus m tho most extreme v irntion noticed in uiy of the 
numerous obscrvations made on these Innas the range ran from 19 2 
per cent above the noimnl to 18 0 per cent below it Now supposing 
that during tho first hours of development an embryo is placed under 
especially f worn iblo conditions thou it may happen that theieby it is 
stimulated to undorgo all or neatly all, the inn-eased growth of which 
it is capable In subsequent horns, therefore, little if any more favour 
able effect maj l>o produced, simply beciuso the oigamsms from their 
vory nature mo unable to show it 

If this principle bo examined in rolition to the picsent experiments, 
I think it can bo shown, however, that though no doubt the relation 
between the teactioii of the organism during the earlier hours to that 
m the later hours has thereby been exaggerated yet that there still 
remains plenty of ovidcnce behind to prove that the diminishing re 
action to environment exists in addition 

Let us first consider the throe senes of exponments in which the 
developing ova were kept at 26° or 25° Here n diminution of sue 
amounting to from 7 36 to 20 76 per cent is produced by the first few 
hours' exposure to high temperature, so that after this, when the 
environment begins to exert a favourable mfluenoe, we know that it 
has at least this range of growth capacity at its disposal, plus what' 



On Unit Lam oj Vaimtwn 97 

ever amount of mci eased growth one might have been ablo to effect m 
the “ normal" larve, by exposing them to the most favourable condi 
tions of growth possible Now a o soe that m no case did the favoui 
Able environment succeeil in forcing on the growth of the larvae to that 
of the original noimd larva), so thcio was da ays plenty of growth 
capacity at its dispos d 

In the exponment in which the ova were kept it 12 instead of 
22 5 , there is no doubt th it the larva* could have been diminished at 
least 10 to 15 pet cent more if the conditions hud only been suffi 
cieutly unfivourible ind sufficiently long continued IhuB in thu 
above-mentioned papci it is shown 4 that 1 uv r> kept duiiiig the whole 
period of development it 10 mate il of d> ml 20 ii e diminished m 
sire by no less than 24 pu cent 

We see, theieforo, that m two of the different methods ulopted for 
acting on the larve theic was olw iys a considerable imonnt of 
growth cipacity stdl prisent this may have lwon truo also for the 
thud method, though m this case one cannot piove it Now we have 
seen in the ibove tables that the leiction m the latest periods of 
development wis not i hunchcdth oi even a hvc hundiedth part of 
that in tho first horn, vnd hence, even admitting the growth capacity 
was diminished, there cm bo no doubt whatevi l th it tho sensitiveness 
of the organism to the envnonmont nuclei g ks hi c noi nious giadual 
diminution 

In order to deteimmo oxactly the sensitiveness of tho dovoloping 
ovito envuonment duruig the v mous stigcs of giowth ono should 
keep various portions of them at tho noimal temperature for the first 
three, six, &c, hours, anil then expose them to the abnormal tempera 
ture for a few houis ihen they should lie transferred, for tho 
remainder of their development il period to the noimil temperature 
III this wiy theie would always be the same umount of growth 
capacity for the envuonment to work upon mil so the efToets obtained 
for the various periods would accui itcly ox pi ess tho tiue capacity for 
reaction 


The h flirt of thu hnnimmmf I (oihtimi 

It is obvious that in ordei to demonstritc the punciple under du 
cussion, almost any sufficiently powerful condition of environment 
might have been chosen Temperature w is hit upon first as being tho 
most convenient one, but further senes of expenments were made with 
another oondition also, that of salinity of the wator It has been 
•hownf that growth of the larvm in water of a certain dilution may 
increase tho sue by as ljmch as 15 6 por cent, whilst growth in pure 


• Phil fnuu B 1898 p 481 
t 'Phil Irani B 189o p 587 
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sea water, instead at \qnaiium tank w itci m ly increase it by as much 
as 19 3 per cent* As a rale, however the effect produced is not so 
great as this 

The doieloping ova ifter impregnation for one hour undei norma! 
conditions in ordinary Aqnatnun tank water were kept for various 
periods in diluted t>ca w itci (i pure sea water ind wore then trans 
forred to ordinary tank watei again Once the ova have reached the 
free swimming blastnl v st igo or within about fi\ e hours in tho middle 
of the summer it is practically impossible t > sepirate them from tho 
water m which thev aic swimming In all the experiments theicforo, 
one part of the diluted or pnto soi w itei after vigorous storing to 
distribute the embryos oeuly through it was poured into ten parts of 
tho noimvl water The subsequent growth of the embryos was there 
fore continued in tank w itr r containing hi «lovonth part of tho foreign 
water hut as will soon hr seen this e mil have mule veiy little differ 
ence to their sire 

In tho first experiment m ulo m the I>oginning of April the dovelop 
ing ov v weie pi icodin diluted w iter m ule bj adding 100 c c of fresh 
witer to 1900 ci of Aqmnumtvnk water rhe specific gravity of 
this water w is found to lie 1 02716 at 15 56" C, whilst that of the 
un idulter iteil t ink w iti i w ns 1 02869 fho following were the 


i esults olitained 

Normal lava, (128 ) 10000 

1 6 houisin diluted wntet 95 44 

1 12 , 9155 

1 J) „ 89 02 

1 192 102 08 


Here we nee that larv e kept first m diluted water, uid then trans 
ferrod to normal watm, no eonsidei ihly diminished in size, those 
transferred after twenty font houi s development being diminished by 
no loss than 11 pu cent 

Iho next experiment w u> m ule in Tuly when the tomperature of 
tho water during development w as 215, or nourly 8' higher than m 
the Apnl oxpciunent Tho following values were obtained — 


Noimal larva- (21 5 ) 100 00 

1 6 hours in diluted watei 96 90 

1—11 , „ 96 63 

1 2> , 103 28 

1—144 , „ 103 66 


In this ease tho larval reached their minimum size after ten hours’ 
growth, and then so rapidly increased that four teen hours later they 
were 3 per cent largei than the normal 

* ' Kitthnlaugw s d Zool Stst in ITetpsl,’ vol 18, p 8“6 
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The next end last experiment was made in August, when the tem¬ 
perature of tho water was on an averago 24*6“ In this case the larva 
wore first kept in pure sea water collected soverai kilometres from the 
-shore. The specific gravity of this water was 1 "02868 at 15 "56’, that 
of the normal tank water being 1 "02901 


Normal larvao (24"5°) . ... 100"00 

1—4 hours in pure sea watei 90 38 

1-8 „ „ „ • 9361 

1—12 „ „ „ 9698 

1—22 „ „ „ 9704 

1—144 „ .... 103-61 


Hero we soo that the larva; were ieduced to their minimum si/e by 
only three houis' development in pure sea water, and that lougor 
treatment produced a more and moie favourable effect, though only 
those larv® kept for the whole period of development m the pure wator 
were larger than tho normal. 

We see, therefore, that m each of these series of experiments, 
though the ultimate effect of tho diluted or piuo sea water was a 
favourable one, yet a temporary immersion in it was always unfavour¬ 
able. The timos of production of the maximum diminution of sixe 
wore respectively twenty-four, ten, and throo honrs, or apparently 
very variable. It is to bo noticed, however, that these times raoio or 
less correspond with the period at which tho dov eloping ova roach the 
free-swimming hlustula stage. Thus at a temporaluro of 13-8' this 
was found to be some twenty to twenty-foui houis, whilst at a 
temperature of 24° it was about five hours At 21 "5° it is proliably 
about eight hours, though no exact observations were made to deter¬ 
mine it. 

To what is this unfavourable effect upon the larval growth duo 1 It 
is impossible that the pure sea water can of itself lie a loss favourable 
modium for the early stages of development than tho impure tank 
water, and probably tho samu is true as regards the diluted tank 
water. In all probability the harmful effect is to be attributed to the 
shook attendant on tho transference of the embryos from water of a 
lesser degree of salinity to that of a greater. Owing to the 
differences of osmotic pressure thereby set up, the tissues would 
immediately undergo a certain amount of shrinkage, and it is a 
ready assumption that their growth is thcroby for u time delayed. 
The sensitiveness of the embryos to a change of salinity would seem 
to be less and less tho more advanced the state of development, bo that 
after a day or two’s growth the harmful influcnco becomes entirely in 
abeyance. 

The reverse process of transference of the developing embryos from 
more saline to less saline wator does not, on the contrary, appear to be 
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attended with any unfavourable result Thus some of the same stock 
of impiegnated ova used in the second of the above experiments were 
kept for respectively five and twenty four hours in oidinary tank 
water, and were thon transferred to diluted water, and kopt there foi 
the remainder of their development The larve so obtained were 
lespoctively 2 6 ind 2 8 pci cent larger than tho normal, or but 
slightly sm diet thui tho kivto kopt for tho wholo period of develop¬ 
ment in diluted w itei In mother instance, also, ombryos kopt for 
respectively twenty thiee houis md two days m not mil water, and foi 
the rest of development in diluted w liter wore 3 2 poi cent md 1 1 per 
cont larger than the noimul 

These experiments therefore piove that the condition of salinity is 
not a f ivourablo one for the detemin ition of the reaction to environ 
mont Still they servo to emph wise the extraordinary sensitiveness 
of the embryos to their onvnonmontal conditions, and ilso show that 
this sensitiveness is much gieatei in the earlier stages of development 
than in tho later ones Only one obseivation was mode on tho effect 
of koeping tho ouin diluted water for an hour it the time of impreg 
nation In this case i diminution of 2 2 pei cent was produced in the 
sue of tho larva. In the pipei dready mentioned, however, five 
experiments of this mture aie retoided,* the water being of various 
dogrocs of nubility fho effects produced weie respectively -4 3, 
+ 41, IS 2 9 and -2 4 per cent, or on an averago 1 B pei 
cent 

bummti j 

By keeping tho impiegnated oviof the Echmoid 'itunj /loccntrotii', 
limdu» foi \ arums periods during developmi nt at an abnormal tem 
peraturc, and companng the siro of the larvae into which they developed 
with thit of lirvaa allowed to grow throughout under normal oon 
ditions it was proved that the permanent effeet of tempemturc on the qmoth 
ihmint died mpidh/ and ngularly fiom the time of tmpi egnation onward* 
tor instance, it was found that exposure of the ova to a temperature 
of about 8 for an hour at tho tamo of impregnation produced on 
av omge diminution of 4 1 por cent in tho site of the larvae measured 
liter eight days’ growth, dunng the 4th hour after impregnation the 
diminution produced for e ith hour’s exposure was about 1 2 per cent, 
<ind during the 15th hour about 0 2 por cent In another senes, 
exposure to a temperature of 22* produced an increase in sixe, this 
amounting to about 1 1 per cent for each hour’s exposure in the 4th 
hour, to 0 4 percent in the 14th hour, 013 per cont in the 46tb 
hour, and 0 01 per cent in the 120th hour 

Exposure to a temperature of 26* dunng tho first few hours of 
development produced a diminution of from 20 8 to 7 4 per cent, 
* Phil fnuu ,’ B, 1896, p 688 
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but in the later hours it produced an increase of from 4-3 to 110 per 
cent. The reaction of the organism to a constant environmental con¬ 
dition was thus a variable one. Thu is probably explicable by the fact 
that the tempomturcs nece^ry to kill tho organisms, and presumably 
also those which cause an unfavourable effect on growth, nse stcudily 
during development Thus tho death temperature is nliout 28 3" for 
luisegmented ova, 34 for blastukp, and 40 for plutoi. 

The impregnated ova were also found to be much more sensitive to 
changes in tho salinity of the water during the early stages of 
development than dining the later ones 


“ On the Diffusion of (sold in Solid D*ud at the Ordinary Tempe¬ 
rature” By Sn \V llonBin s-Auvi in, K (' B , F.ILS, l’i ofetwor 
of Metallurgy, Itoyal College of Science. Deceived April 5,— 
Dead May 10 , 1000 . 

In tho Bakenan Lecture, “ On tho Diilusion of Metals,”* delivered 
in 1896 , evidence was given to show that gold placed at tho base of a 
column of fluid load 16 cm. high, maintained at a mean temperature of 
492 °, or 166 above the melting point of load, diffuses to tho top of the 
column in an appreciable amount m a single day, tho diffusivity ex¬ 
pressed in centimetro-day units being 3 0 If tho load bo heated, say 
to 261 ’', or 76 ° below the melting point of the metal, diffusion takes 
place at a much slower rate; it may still lie readily measured, though 
the diffusivity is only 0 023 m centimetre-day units. In the experi¬ 
ments on diffusion m solid lead, the latter metal was prepared with 
great care, and possessed a high degree of purity. The method of 
preparation consisted in the reduction of carefully purified curbonato 
of lead by cyanide of potassium, the reduced metal being cast in 
carbon moulds. 

It became evident that at tho ordinary temperature the rate of 
diffusion of solid gold in Bolid lead must be very slow, and I Btated m 
the Bakerian Lecture that cylinders of lead laid been set aside with 
discs of gold affixed to their bases, in order that, after a sufficient lapse 
of time, the diffusion occurring at the ordinary temperature might be 
measured." By the month of March in the present year, four years 
had elapsed since tho experiment began, and the time appeared to be 
sufficiently long to justify the attempt to ascertain how far the gold 
had diffused. In starting the experiments the bases of the lead 
cylinders were carefully brought to a smooth surface, and the discs of 
pure gold were specially cleaned, the discs of gold being held against 
Dsilwsd Fet.ru.ry SO, 1896. * Phil. Tim.,' A,toI 187 (1896) pp. 888-411. 

VOL. LXV1L I 
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the bases of the cylinders by means of clamps The laboratory in 
which the cylinders were placed consists of a vaulted chamber situated 
m the basement of the Mint and its temperature varied but little from 
a mean of 18 C The di imctors of the cylinders were m all cases 
0 88 oro their lengths a uied somewhtt, the longest being 25 cm 
At tho end of the four yeirs the discs of gold wore found to be 
adherent to tho load Lho cylindois were divided into thin slices at 
right angles to the axes of the cylinders the first slice was approximately 
0 75 mm thick but the succeeding layois weie about 2 3 mm thick 
Bv the ordinary metho Is adopted by assayers, which were conducted 
with cxtraordmaiy precautions, gold was found in each of the foui 
lower slices while only the minutost traces of gold could be found in 
any slice beyond tho fourth fiom the base The imount of gold 
that had diffused in the different cylinders of lead was, however, not 
uniform The variation is piobably due to difference m contact 


Gold 9p ingloi 
it li layer 


% 9 


Gold Globule 
Srd layer 




Gold Globule 
2nd layer 


Gold Globulei 
lit layer 


between the cylmdeis of lead and the discs of gold The results m 
all four experiments were, however, of the same order, and it will 
be sufficient to give the actual amounts of gold found in a single 
cylinder Tho richest layer was, of course, the one m diroct contact 
with the gold, find fiom it a globule of gold was extracted which 
weighed 0 00005 gramme There is in the Mint a balance that will 
readily weigh such globules The gold extracted from tho 2nd and Srd 
layers was too small to be weighed, but the amounts could be approxi 
inately determined by measurement under a microscope Actual 
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photographs of the gold extracted from the successive layers of a 
cylinder are, moreover, appended; the magnification being in all cases 
the same (56 diameters). 

It may be thought that the amounts are but Bmull, but from the 
point of view of the assayer, who is accustomed to determine minute 
quantities of precious metal in largo musses of matonal, the results 
assume very sulwtantial proportions. Thus the amount of gold found 
in the richest layer of lead represents no less than 1 oz. 6 dwts. of 
gold per ton, which could be profitably extracted, while the amount 
in even the poorest layer is 1| dwt jwr ton. 

Tho significance of these results may perhaps be made clearer if it 
is stated that the amount of gold which would diffuse in solid lead 
at the ordinary temperature m 1000 years is almost the same as 
that which would diffuso in molten lead in a single day, provided no 
more gold is supplied in either case than can bo held in solution. This 
will serve to show how important temperature is in relation to diffusion. 
As an example of the relative effects of temperature on this purely 
physical change and on a chemical change, it may be interesting to 
rofer to the case of tho dissociation of auric chloride. At the 
ordinary temperature, the tii-chlondo of gold is very stable though 
it decomposed rapidly at 180°, and my colleague, Dr. Rowe,* has shown 
that though the decomposition of auric chloride may be perceptible at 
a temperature of 70°, it would nevertheless require, at that tempera¬ 
ture, about twonty-five years for its nearly complete change into mono¬ 
chloride. 

I believo, with Robert Boyle, that though solid gold may have its 
“ little atmosphere,” “ no man has yet tried whother gold may not in 
time lose its weight,” hut the rate at which gold can possibly evaporate 
into the air at the ordinary temperature must be far less than that at 
which it diffuses into lead. This shows that tho action of a solvent 
for the gold is necessary, and this solvent is provided by bringing gold 
into contact with solid metallic load. 

I would express my warm acknowledgment to Dr. A. Stansfield, who 
aids me in conducting the Metallurgical Laboratory at the Royal 
College of Science*for the care he has devoted to the tedious manipu¬ 
lation involved in these experiments. His help has given me great 
confidence in the accuracy of the results It may be w'ell to add that 
I propose to prepare suitable cylinders of lead and gold on the lineB 
indicated in this paper, and to offer them to the National Physical 
Laboratory with a view to their being examiuod after such a lapse of 
time as may bo deemed fully adequate. 

[Note, May 28.—In the Graham Lecture, delivered at Glasgow on the 
18th of April last, after speaking of the diffusion jof gold in solid lead. 

• ‘ Journ. Chem. Soo.,’ rol 67 (1886), p. 804. 
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1 stated that I was “trying to ascertain whether diffusion in the solid 
metal is, or is not, accelerated by the simultaneous passage of a strong 
electric cuirent” I again referred to the subject in answer to Lord 
Kelvin during the discussion which followed the reading of the present 
paper, and stated that the experiments wore incomplete Such experi¬ 
ments take a long time, and it may be well to add that tho arrange¬ 
ment was just as is duseubed uliove, except that the lead ordinarily 
used for assaying was employed Two cylinders, each 0‘88 cm in 
diameter, with gold clamped to their respective bases, were maintained 
at a temperature of lfiO for fill horns, la-ginning on the 31st of 
.January of the piesent year. A cuiicnt of l’fi amperes was pissed 
through one of the eyluideis only diumg the whole time, the current 
pissing from the gold to the lead. The amount of gold w Inch had 
diffused into each of tho lead cyluwleis was then ascot tamed by the 
method which has already been dosenbed. Gold was detected at a 
height of 7 ."> mm. in tho case of the cylinder through which tho current 
hud pissed, while in tho other case with no ament it had re.tched a 
height of 10 mm., tho amount of gold in eac h section 1 mm ng also greater. 
Siihseiiueiit experiments showed that a put at least of this difference 
w’rb due to imperfection in tho contact lietwecn tho lead and tho gold. 
Other exponments are now in progicsa in which far greater current 
densities are employed. 

If these exp'nments confirm the previous one, they will show that a 
solution of gold in lead does act, to a small extent, as an electrolyte. 
The following method was adopted for ensuring contact lietwecn the 
gold and the lead — 

My assistant, Mr. W. H. Moirett, succeeded in joining by fusion 
discs of gold lietwecn two cylinders of lead, us is shown in the accom¬ 
panying figure. Contact lietwoon the metals is, therefore, above re- 


o 



proach, but it will be many woeks before the results can bo recorded. 

Thirteen years ago I was unsuccessful in the attempt to electrolyse a 
solution of gold in metallic lead by the passage of a current of 300 
amperes through the molten mass.* The failure may have been due 
to the fact that at the high temperature produced diffusion must have 
been very rapid. If, therefore, separation of gold from the lead did 
take place, uniformity of the solution may have been restored by diflh- 
• British AmooisHob Report, 1887, p. 841. 
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eion. I succeeded in 1896 in obtaining some evidence as to the separa¬ 
tion of gold from its solution in metallic lead by electrolysis through a 
glass septum.* This is, however, only indirectly connected with the 
electrolysis of alloys ] 


“ On Certain Properties of the Alloys of the Gold-Copper Series.” 
By Professor Sir W. Bobkrts-Austen, K.C.B, F.E.S., and 
T. Kirke Bose, D.Se. Beceived and read May 10,1900. 

[Plats 1] 

Notwithstanding tho extraordinary importance from a technical 
point of view of the membura of this seras, which constitute the gold 
coinages of the world, singularly little is known respecting either thoir 
molecular constitution or even their physical constants. Both the 
authors of this paper possess mmsual facilities for studying them, and 
they felt that time should not lie lost m beginning a systematic exami¬ 
nation of tho series. The other alloys used for coinago have, on the 
other hand, not been so neglected. Many yoars ago one of us,t in 
submitting his first paper to this Society, gave a curve representing 
the freezing points of the members of tho silver-copper sones. This 
curve, corrected in accordance with more recent work and interpreted 
in a modern way, proved to lie ono with two branches meeting at a 
point where tho eutectic alloy of the two inoUls oct urs. The presence of 
the eutectic has also been since teudily detected m standard silver and 
in soveral other members of the series, anil possesses a molting point of 
778°. As is well known, different poitions of a mass of any of the 
solidified alloys of the silver-copper series, except the eutectic alloy, 
exhibit divergences in composition which usually amount to about two 
or threo parts in a thousand. 

Tho gold-copper seiies, on tho other hand, has long enjoyed a 
reputation for homogeneity, and it was supposed that the variations in 
the composition eithor of the alloy which contains 916 66 parts of gold 
in 1000, and is used for tho coinago of tho Empire, or of the alloy 
which contains 900 parts of gold in 1000, and is ono adopted by the 
Latin Union and in tho United States of America, nood not exhibit 
greater divergences than 0*1 pait in 1000. It was, moreover, believed 
that such a divergence was not the result of any systematic molecular 
grouping. This view was shaken by one of usj in 1896, when 
evidence was obtained by chemical analysis that in the case of a goid- 

* Third Report to the Alloy* Research Committee,' Proe.Init. Mecli. Engineer*, 
189&, p. 240. 

t HoberU-Aiuten,' Boy. Soo. Proc.,' vol 28 (1874), p. *8L 

X Hoee, • Chem. Soo. Journ.,’ rol. 67,1896, p. 652. 
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copper alloy containing 0 2 per cent of impurity a certain amount of 
the gold was driven to tho inside of the mass bj solidification Cor 
roborativo evidence w is subsequently obtained by the aid of the cool 
ing curves afforded 1 y tho rccoiding pyiometcr a description of which 
has alro idy be en submitted to this Society 

To doculo the point finally it was desirable to Bhow to wh it gioup of 
alloys the gold copjier He nos liolongs ind in particulai to determine 
whethei tho freezing points of the \ at ions allots woul l lie on i single 
continuous cur\ o connecting the fre c/ing point of gold with th it of 
coppei 

Jreenngpoint eurves wire accordingly taken by the learding 
pyrometoi of i comprehensive senes of allots In each c iso 100 
grammes of the alloy w ore emploj ed and the thermo couple protected 
by a veiy thin cliy tub» was insertel in the mcltcn m iss which had 
lioen prcuously thoroughly stinod Iho rite of cooling was pro 
longed is much is possible by illowing tho ciutlble md its contents 
to lomain in position in the gis furnace in which tho melting had 
been effected The fieezing points of this senes hue so fit as wo 
ue aw ire nover l ecu published except i few at tho copper end 
by Ileycock and Neville * MM Chirpy ind Riche h-uo however, 
leeontly stated that the curvo of fusibility of the alloys of gold and 
copper consists of two blanches meeting it i point contaponding to 
tho outoctic ullny which according to these expelimeuteis contains 
55 per cent of gold alloyed with 45 poi cent of coppei md fusts at 
940 t This conclusion is not confirmed by the results of our expen 
ments which aie given in the accomp itijmg table and are plotted in 
the cutve, fig 1 


• 'Phil Trans » A vol 189 (1897), p SB 

f ‘ Administration d«s Uonnairs «t J M4d*i))ei —Rapport an ICimstn das 
Tinaaoes,' 1899, p rsxnn 
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The initial freezing points of the gold copper alloys are easy to deter 
mine, but the subsidiary or eutectic points are very difficult to detect 
even if a sensitive autographic recorder is employed We have groat 
confidence in our conclusion that the alloy containing about 82 per 
oent of gold and 18 of copper, and not the one which contains 56 per 



108 


Sir W. Koberts-Austen and I)r. T. Kirke Bose. 


cent of gold, is really the eutectic. The reason, apart from micro¬ 
graphic evidence, is not only that the freezing point of the 82 per oent. 
gold alloy is lower than that of any other member of the serios, but 
the autographic record reproduced in fig. 2 shows that the angles at A 

Fm. 2. 



and B, where the solidification begins and ends, a:re quite sharp, while 
the portion between A and B, which represents the actual solidification 
of the alloy, is horizontal Neither of these conditions are met with in 
the autographic records of the other alloys of the senes. Moreover, the 
fracture of the 82 per cent, alloy is conohoidal, as m the case of a great 
number of other eutectics, owing to the extremoly fine state of division 
of the constituents, which makes these alloys appear to bo homo¬ 
geneous. The exact composition of the eutectic is, however, difficult to 
determine 

A comparison of the freezing-point curve of the gold-copper with 
that of silver-copper alloys shows thut there are stnkiug similarities 
when the numlier of atoms in the alloys are taken as abscissa?. It was 
shown by Level* as long ago as 1852 Unit tho only homogeneous alloy 
of silver and copper corresponded in composition with the formula 
AgaCuj, and Hoycock and Nevillet confiiniod the anticipation of ono 
of us,l which was not verifiod at tho time, that it would prove to be 
the eutectic of the senes. In the gold-copper senes the alloy contain¬ 
ing 59*49 atoms of gold and 40*41 atoms of copper has a lower 
freezing point than any other alloy exummed, although it is hardly to 
bo distingu shod from tho alloys containing a little moi*o copper. The 
curvo of fusibility of the serios is much more rounded near this point 
than that of most binary alloys, and bears a superficial resemblance to 
that of two substances forming a continuous senes of mixed crystals, 
but micrographic Btudy of tho Beries conclusively shows that it possesses 
a eutectic. 

• Lsvol, ‘ Annale* de Chun, et ds Phji,’ rol 36 (1832), p. 193; yoL 89 (1868), 
p.l«8. , 

f 'Phil. Trans.,' A, tM 189 (1897), p. 26. 

j Boberts-Austea, loe.\mt. 
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It has been shown by Osmond,* moreover, that silver and oopper 
are each capable of holding i small percentage of tho other in solid 
solution, but that if both metals aio present in considerable amounts, 
the two solidified solutions exist side by side It is evident therefore 
that they form an interrupted senes of “ mixed crystals, and that the 
substance first solidified in cooling a solution of one metal in the other 
is not a pure metal, but an isomorphous mixture of tho two metals 
containing only a small percentage of one of them This conclusion 
agrees well with the general shape of t*he curve of fusibility of the 
silver copper senes, and the still greater concavity of the curve of 
fusibility of the gold copper sones suggested that a similar condition 
of things is heie met with, hut that the gap in the senes of mixed 
crystals is much smaller and that tho mutual solubility of these two 
metals is greater 

Microscopic examination of the alloys of gold and copper afiords 
evidence that this is really the case but appears to point to tho con 
elusion that more coppei can bo dissolved in gold than gold m coppet 
Alloys containing only a small percentage of coppei consist of largo 
crystals similar in shape to those seen m puto gold and showing no 
signs of cement lx-twocn them Ihoy differ from those of pure gold 
in their colour which is i eddish or reddish brown, aftor treatment 
with nitiohydrochloric acid When magnified 1580 diameters those 
crystals show a minutely gianulai structuro which lesembles that of 
pure gold and affords no evidence of stp ai ation into two constituents 
liven in standard gold containing only 01 6 per (cut of gold the 
structure is nearly the same and is not unliko that of tho ground 
mass of stand aid silver containing 92 5 pe cent and 7 5 per tent of 
copper prep artd in a similar way On the other hand, the alloys con 
taming less gold than the eutectic show lystall of coppei set m a 
matrix which consists apparently of tho eutectic 

The following examples of photomicrographs of the senes are shown 
in Plate 1 — 

Fig 1 Plato 1, represents the chai actenstic surface of a small ingot 
of standard gold The structun was not developed by etching, and 
the magnification is only 4 5 diameters 

Fig 2 is a polished set tion of stand ml gold etchod by immersion 
for about 15 seconds in a boiling mixtuie of equal parts of mtnc and 
hydiochlono acid The magnification is as in the case of No 14 5 
diameters, and the structuie consists of sections cut in vanous direc 
toons by a plane passing through the uystals, of which the mass is 
composed Fig 3 is the eutectic of the gold copper senes, it contains 
80 per cent of gold and 20 pei cent of copper otched as m the case of 
the alloy shown in fig 2, the magnification is* however, 1580 duune* 

* Bull* d* U Boo d Encouragement,' 5th Senei, ted 2 (1897) p 837 
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ters, which reveals tho banded structure characteristic of a eutectic 
alloy 

Iig 4 is stand aid gold etched as befoie and magnified 1580 
diameters 

Fig 5 is a section etched as befnit of in alloy containing 27 per 
cent of gold and 71 pei cent of coppei In it the presence of two 
distinct constituents can be seen The daiker portion vimh has 
been readily att icked by tho acid is copper and the h e htu is mainly 
the eutef tic Hus f ict is pi 6vod 1 v fig (> which is i >ci y high m igm 
fication (6300 dumetus) of the lighter portion of fig I uni this on 
close examination icvliIb the pieaento of the laminate 1 oi bended 
eutectic 

Anrthci ipsenililmco lietweon tho series of gold i oppe ml silver 
copper all yi is to 1 o found in then relitne tensile sticngths In 
both ewes the eutectic alloys aie oxtromely buttle and hue a lower 
tonicity thin tho othoi momleis if tho seius In tho iisc A gold 
one of us* li is shown that the ten ieit\ of an unworked east 1 u of pure 
gold 7 5 mm wide ind 5 2 mm thick is 7 tons por squue inch the 
metal elongating 30 8 pei cent before rupture Both ten icity and 
extensibility are gieatly mcieased by tho hist additions of copper tho 
tenacity using in the owe of standard gold which oontuns 8 1 pei 
cent of coppei to muie than twico that of pure gold Under similar 
conditions, howevor, we have found that the eutectic alloy of gold md 
copper has i tonsilo strength of oidy 7 87 tons por square inch with 
an elongation of only 3 3 por cont It is in fict alxnit is buttle as 
pure gold alloyed with 0 24 por cent of le id which has an elongation 
of 4 9 pci cent Wo also determined the extensibility of the eutectic 
alloy of silver aud coppei to be only 2 2 per cent and its tensile 
strength 29 1 tons per square inch rhese are the hret cases observed 
in which eutectic alloy s appeal to show less ten wity and extensibility 
than the other members of the sones to which they belong The 
eutectics of lead and tin of copper and tan, and of iron and carbon 
are in each c ise the strongest alloys of the senes, and are not at all 
bnttle The eutectic of the copper zinc senes is more extensible than 
any other member of its senes while its tenacity is considerable The 
gold copper and silver copper alloys differ therefore from other alloys, 
which appeal to bo bnttle and of low tensile strength only if they 
have passed through a pasty stage m solidifying, and possess two 
freezing points the lower of which is that of the eutectic 

It is dear, from the results given above, that gold and copper cannot 
Who expected to form a senes of alloys of uniform composition, but will 
show evidence of liquation similar to that exhibited by silver and 
copper, though in a less degree Much evidence on this point was 
obtained m die course of the preparation of the standard gold tnal 
• Boberts Austen Phil Tmu ,* A vol 179 (1888) p 889 
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plate, which contains 91 - 6 per cont of gold and 8‘3 per cent, of copper. 
This alloy was cast into flat bars of various dimensions, and assays 
wero made on piocos out from all parts of the plates into which the hars 
were rolled, care being taken to adopt all tho precautions described by 
ono of us with a view to ensuring accuracy in tho determinations,* 
This enablod tho limit of orror to be reduced to 0 02 per 1000 on a 
mean of throe assays. In all, nino plates wero piepaied before ono of 
the necessary accuracy was obtained, and over 900 determinations of 
the proportion of gold present in the assay pieces wore made. It was 
found that in general there was a tendency for tho outside of the 
ingots to bo richer in gold than the interior, but that this diotnbution 
was hardly so regular, and was not so pronounced as that observed in 
a contrary sense, in standard silvei, m which case silver accumulates 
in the icntro of tho mass. 

It may he added that tho differences in composition of different 
parts of tho gold bars, though small, are many times larger than the 
possible errors of assay. 

Tho plates were of various dimensions, and wore prepared from 
pure gold and eloctrodepositod copper, well stirred to ensure uniformity 
while in tho molten condition, cast m iron moulds coated with carbon, 
and rollod out to a width of about 17 5 cm, a thickness of 1 mm., 
aud a length of from 1 to 1*25 metres, tho weight lieing from 3 7 to 
4 6 kilos. Rories of discs wero then cut out in parallel linos, one 
down the centro of the plate, and two others distant 1 cm. from the 
edges. In the case of pluto No. 1, intermediate senes of discs were cut 
half way betweon tho conti e lino and tho edges. The moons of all 
assays of each senes token from three typical plates wero as follows, 
each result giving the mean of from 21 to 27 assays:— 



No 1. 

No. 2. 

No. 8. 

Left side. 

Left intermediate. 

01b 69 

0 06 

910 06 

917-08 

Centre line. 

Bight intermediate. 

0-49 

O'ttfl 

910 -86 

910 71 


0 01 

910-58 

910-96 

Mean of alluaaji.| 

| 010-689 

910-698 

916 895 

Ore*tot difterenoea from mean (per 1000 

if +0-35 

+ 0-14 

+ 0-00 

part*) . 

Difference between noheit and poorest part* 

1-0-30 

-0-18 

-0-40 

of the plate (per 1000 part*). 

| 0-71 

0-27 

1-00 


In the case of standard silver plates of the same size prepared in a. 
•bailer way, the difference between the amounts of silver in the richest 
* Bom, * Cheat. Boo. loom.,' rol. €3 (1893), p. 70S. 
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and poorest parts of the plate is usually from 1*0 to 3*0 parts por 
thousand, or three or four times as groat as that in the case of 
standard gold. The poorest part in the gold plate is, however, always 
In the centro and the richest part at the outside. 

The assays made on tho “ got ” of the gold plates, the place on the 
top of the casting where shrinkage of the mass on solidifying is marked 
externally by a depression, showed that this part was usually richer in 
gold than any other part of the plate. These assays are not included 
in the means given above. 


Conclusion. 

It will be evident fiom the results given above, that when a small 
proportion of copper is added to gold, the alloy sets as a whole, and 
forms a solid solution. If small amounts of copper are successively 
added, the limit of solubility of that metal in gold is at length reached, 
and a eutectic separates, which forms the whole mass when about 82 
por cent, of gold and 18 per cent, of coppor are present. 

Comparatively small additions of gold to copper saturate the latter, 
and tho eutectic makes its appearance Iicforo the proportion of gold 
reaches 27 por cent. Tho composition of the eutectic corresponds 
approximately to 60 atoms of gold and 40 of copper, while the silver- 
copper eutectic also contains nearly 60- atoms of silver otul 40 of 
copper. In other respects also, in tho brittleness of the eutectic, in 
the limited mutual solubility of the two motak, and m tho liquation 
which attends solidification, the gold-copper and silver-copper series 
resemblo each other closely The mam difference is that copper 
appeals to lie more soluble in gold than m silver, so that the charac¬ 
teristics of tho gold-copjier alloys are less marked, and consequently 
have liocn loss easy to detect. 
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(Abstract.) 

Tho investigations described in this paper deal principally with the 
phenomena of annealing The first section of the paper describee 
experiments made in the hope of observing under the microscope the 
process of reorystallisation in strained iron. It is well known that 
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rearrangement of the crystalline structure of iron occurs when the' 
metal is heated to redness, and it is believed that such changes are 
associated with the evolutions of heat which are indicated by “arrest 
points” during the cooling of iion. Wo hoped that by keeping a 
polished and etches! sutf.ice of the attained metal under microscopic 
oliservation while the specimen was gradually heated, wo should sec a 
more or loss sudden change in the crystalline pattern ut a temperature 
corresponding to one of the “ ailest points ” This attempt, however, 
to watch the process of lmystalhsution failed, although the exjieri- 
montal ditficulties ol keeping a specimen imder microscopic observa¬ 
tion while it was being heated were suecessfully ovoicome The 
specimen was «lectrically heated m a vessel with a thin glass or mica 
window, and the microscope-objective was kept cool by dneeting a 
strong blast of cold air on it and on the surface of the window. In 
one set of experiments the specimen was kept in an atmosphere of pure 
hydrogen dunng the heating, but it was found to liccomo so much 
tarnished ns to obhtoiate the civstalhne pattern. At a rpd hc.it, how¬ 
ever, the uniform luminous surface of the sjieciinen was seen to develop 
a number of dark patches which, oil slightly raising the temporntnre, 
spread over tho entire field. No corresponding change was visible 
during cooling, but the phenomenon would recur every time the sjieci- 
mcn was heated, provided it had been cooled Ivclow redness after the 
previous heating. This phenomenon was absent when tho specimen 
was heated in a vacuum, and we liolievo that it indicates a chemical 
action between hydrogen aud iron, possibly corresponding to the 
hydrogen arrest point discovered by Sir W Kolierte Aunteii * 

In tho next senes of experiments tho specimen was heated in a 
vacuum. On prolonged heating the specimen still became tarnished, 
but at first the crystalline pattern remained visible up to a bright rod 
heat. No chango m the pattern was olmervod, hut subsequent polishing 
and etching of tho same surface showed that a real change of crystal¬ 
line structure had occurred. The original etched pattern on tho sur¬ 
face had persisted after heating, simply liecause the differences of level 
and surface texturo on whioh it depended had in no way been disturbed 
by the reerystallisation. Any crystalline pattern seen under the 
microscope, whether it be produced by etching or relief polishing, 
consists either of coloured surface deposits, or of steps, or pits, or other 
differences of level in the surface, and these differences of superficial 
texture, like mechanical scratches, are not affected by rearrangement 
of the crystalline elements. Coloured surface deposits would also 
remain unaffected. All attempts to observe the actual process of 
reerystallisation must therefore be unsuccessful. 

The next section of the paper deals with the changes of crystalline 
structure which go on in lead and other metals at comparatively low 

* Alloys Bsaesrek Comaaittw Beport, 1 Pros. Inst, Mooli. Eng.,’ 1890. 
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temperatures. Our attention was directed to this by noticing that a 
piece of plumber’s sheet lead, when etched with dilute nitric acid, 
exhibits a strikingly crystalline structure, with large crystals. The 
character of this appearance led us to the view that a slow process of 
annealing or rocrystallmtion waR at work m such load at ordinary 
atmospheric temperatures, and wo have satisfied ourselves that this is 
the case. The method of investigation consisted in taking a series of 
micro-photographs, at low magmfii ations, of certain marked areas in the 
surface of a specimen, in order to watch the change which went on 
through lapse of time, or after application of somo thermal treatment. 
It was necessary, for the reasons given aliovo, to re-etch the surface 
before each photograph was tnkon. 

We have obsorved that when a piece of cast lead is soverely strained 
by compression, the originally large crystals, after being considerably 
flattened, are driven into and through one anothor, so that the etched 
surface of u strained specimen prusonts a fine grain, whoso crystalline 
naturo only becomes apparont under considerable magnification (80 to 
100 diameters). A pioco of load soverely strained in this way, and 
kept for nearly six months in an ordinary room without any special 
thermal treatment, was found to be undergoing continuous change 
during that time. A series of photographs of this specimen, taken at 
intervals during the six months, show that a great number of the small 
crystals have grown largor at the expense of their neighbours. In 
similar specimens which have been kept at 200” C., the growth has 
been much more rapid and more pronoiuiced. The rate of growth 
is a function of time and temperature, but some specimens show much 
more rapid changes than others under similar conditions of tempera¬ 
ture ; in some cases five minutes’ exposure to a temperature of 200° C. 
is sufficient to alter the crystalline pattern completely. Experiments 
have also been made at 100° C. and 150’C., leading to tbe general 
result that crystalliuo growth will occur at any temperature from that 
of an ordinary room, ».e., 15* C. or 20" C. up to the melting point of load, 
and that in general the higher the temperature the moro rapid is the 
iiutial rate pf change. No numerical data can be given, as the crystals 
are quite irregular, both in site and shape. So far ns our observations 
go, they lead to the result that when such crystallmo growth has con¬ 
tinued for some time at a given temperature, the structure becomes 
more or less stable, so far as that temperature is concerned, but expo¬ 
sure to a higher temperature may cause further growth to occur. 

A comparison of micro-photographs of the same specimen at various 
stages reveals the fact that the growth of an individual crystal occurs, 
not in uniform layers all round it, but by the formation of arms and 
branches that iqvade the neighbouring crystals, the intervening 
portions sometimes changing at a later stage. This action is analogous 
to the formation of skeleton crystals in a metal during solidification 
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from the liquid state the space Iwtweon the blanches filling m as 
solidific vtion proceeds 

A ranked feiture oltsuved in hevei il specimens was the luge and 
npid growth of one or two indivilud ciystds m sea oral instances 
sueh mlmdnals grow until they weie wraie hundieds of tunes largor 
than then neighbiurs Wo hlae not 1 ecu al le ta diseovei the deter 
mining cuiso of such growth noi in gencrtl why ono cijstal should 
gi ow at tho oxpenso of its neighhoui (tpiiuUIj the most aggrossiae 
ci yet ils aaeio found neu the ulgcs of the specimen It is noticeable 
tint it times a ciystal which has alieidy giown considoiably is 
swallowed up by a more powerful ncighl otu 

Some light is thiown on tho natuio of these actions bv the fact that 
this growth onlj occurs in crystals that have been subjected to sea ore 
pi astic str un By casting the metal in a thill mould specimens of 
lead can le olt lined having a ci ystalhne structure quite as minute 
as that found m a severely attained spenmon hut this structure 
iemains unchanged at temperatures ivhith produce rapid thango in a 
strained specimen 

lhe investigation of the effects of such compaiativoly modorate 
temperatures was oxtendcl to other metals vis tin zinc and 
cadmium In tin tho v arious phonomcn a of crystallisation from the 
fluid state aie strikingly illustrated on a large scale by tho thin layer 
of that metal which constitutes the surface of commercial tin plate 
lhe effects of rapid and alow solidification in pioducing small or large 
crystals respectively are well marked, and an examination of the 
etched surface of tin plate under tho microscope reveals beautiful 
geometrical markings or pits whoso oriented facets produce tho well 
known selective effect of oblique illumination The study of the 
crystalline structure affoids an explanation of the nature and method 
of production of patterns m monee mctalhque a process which 
has long been m use foi the deem ation of articles m anufactured of tin 
plate 

In tin, also, we And that tho smallest stiuctiue obtainable by 
quenching the melted metal in water remains unchanged at all tem 
peratures up to the melting point, on the other hand specimens 
whose crystalline sti uctuie has boon modified by groat plastic strain 
exhibit phenomena of rocrystalluation at lower temperatures similar 
to those observed in lead In a piece of strained tin, an hour s expo 
sure to 150 C produced complete rocrystallisation Exposure to 
lower temperatures for this short time produced no vuiblo change, but 
we have not investigated gradual time effects in this metal The 
behaviour of strained sine and cadmium is analogous to that of tm 
and lead Exposure to 200° C is sufficient to produce rapid recrystal 
luation in both sine and cadmium This is particularly marked in the 
case of ordinary sheet nnc On etching commercial sheet unc, no 
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laigo cry etalfl aro visible In this state the metal is strong and tough, 
bending quite noiselessly After exposure to 200 C for half an hour, 
it shows on etching u large brilliant stiucturc, and tho metal is then 
nu ik and brittle, md when lient, breaks along well nrniked cleivago 
pluies and inuts i ‘ eiy like tbit of tin 

In t wlnuum tho lmystallmtion is eoniptt itively slow at 200° C , 
and i time eflect h is 1 cm obsoi\cd llie letion is rithir dittcient from 
thut observed in le id In culmiuin the size to which the mstils 
grow ippeiis to 1(0 much m< ie uniioim no nms or brioches aie 
thrown out md no twin 1 undid ue found 

Hie fin il soetion of the pipei deals with in hypothesis which is 
advanced is an attc nipt to c xpl un the meeh unsni of the gi owth of 
nvstils in appiuntly sclilmctil* Ueoidmg to this hvpothcsis, the 
met illic lniptuitus winch uo piesent m a inetil, plij m important 
put in the adion W hen a metil solidifies horn the fluid stite the 
nictilbe lmpuuties ultimitely ciystillisp is i film of euteetie illoy m 
the inter ay st dlino junctions when t inly lu e e qu mtities of such 
eutectics ire piesent the micioscopc leu ds then presence as m inter 
cryst illuio cement, such as th at fanned by pcuilito in slowly cooled 
mild steel vciy minute quantities of eutectic, hovvcvoi, will be 
uivisible and yet capable of foinuitg a thm film of fusible cement 
Mo contone that the changes of ciystalhne structures which go on 
while the piece is in tho solid state me accomplished bv the age lie) of 
eutectic films between tho crystals in dissolving mot il fioin the sur 
faces of somo crystals and depositing it on otheis When a metal is 
sovertl) strained thoso films of outoctic will be also strained and m 
many places 1 token thus allowing the actual crystals to come into 
contact with out another The diffeioncc in tho rate of etching of 
adjacent crystals and the phenomena of tho electrolytic transfer, in an 
acid solution, of lead fiom one crystal to another in tho same mass of 
metal, support the supposition that there is a difference of electric 
potential betwoon tho crystal faces which are brought into contact 
by severe strain If it be assumed that a him of eutectic alloy when 
fluid, or evon when m the pasty condition that precedes fusion, can act 
as •an electrolyte, we m ay regard any two crystals thus in contact, with 
a film of eutectic interposed m places, as a very low resistance circuit, 
and the growth of the positive crystal at the expense of the negative 
would result Moreover, such growth would be more rapid at 
higher temperatures, and its rate at a given temperature would vary 
in different specimens according to the nature and quantity of the 
impurities present That an alloy can act as an electrolyte has not 
been established experimentally, but the assumption is supported by 
the close general analogy between alloys and salt solutions This 
analogy extends to the very question of the growth of crystals, as 
* It is proper to is jr that this hypothesis is due to Hr Boeenham —J A E 
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Joly has shown that when crystals of a salt are immersed in their 
mother-liquor, growth of one at the expense of others will take place. 

It should be added that solution of one crystal into the intervening 
film of eutectic, along with deposit on the neighbouring crystal from 
the eutectic, may occur as a consequence of differences of orientation, 
producing differences of “ solution pressure ” apart from actual 
electrolysis, but the fact that growth has not been observed to 
occur except in strained crystals favours the view that the action is 
electrolytic. 

Some further results which havo been deduced from the above 
hypothesis have been verified by experiment. It follows from the 
hypothesis that an inter-crystalline boundary containing no eutectic 
would be an impassable barrier to crystalline growth, but if the eutectic 
could in any way lie supplied, growth across the boundary might take 
place. In an absolutely pure specimen of lead, there' would be no 
eutectic at tho intor-crystalline junctions, but as extremely minute 
traces of impurity would suffice to sot up the action, it is almost hope¬ 
less to verify the hypothesis in this way Some expeliments on the 
cold welding of lead have, however, borne out our conclusions. Two 
clean, freshly scraped lead surfaces will unite under great pressure in 
the cold state, and if a piece so welded be annealed, we find that the 
crystalline growth due to the annealing, with very raro exceptions, 
never crosses the inter-crystalline boundary formed by the welding 
surface. To test whether the presence of some eutectic would allow 
growth to tako place, we have scattered small quantities of a more 
fusible metal over the freshly scraped surfaces of lead before squeezing 
them together. Then, after a cold weld had been made by pressure, 
on annealing by exposure to 200° C. it was found that crystal growths 
frequently crossed the line of the weld, as the above theory led us to 
expect. This experiment has boon repeated many times with the 
uniform result that whenever a small quantity of eutectic, or of an 
impurity capable of forming a eutectic with tho load, was scattered 
over the clean surfaces before welding, a distinct growth of crystals 
across the boundary took place as a rcsidt of annealing. On the other 
hand, a large number of welds were made without introducing any 
impurity, and with very rare exceptions they showed no growth across 
the boundary, even after the annealing process was continued for some 
weeks. In rare exceptions a minute amount of growth across the 
boundary was observed, but these may fair ly be accounted for by the 
almost unavoidable presence of traces of impurity. The result as a 
whole goes far to confirm this solution theory of crystalline growth in 
annealing. 


tOL. LXYII. 
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“ On the Estimation of the Luminosity of Coloured Surfaces used 
for CoIout Discs.” By Sir William de W. Abney, K.C.B., 
F.R.S. Eeceived May 5,—Read May 31, 1900. 

When a source of light is small, such as the points of an arc light, a 
candle, or lamp, it is comparatively easy to find the luminosity of any 
coloured surface which is illuminated by it, liBing the method which has 
been described m “ Colour l’hotomotry, Part 11”;* but when the source 
of light is a large suifuce, such os the shy, the method therein described 
is much more difficult to apply. Quito recently, when examining the 
question of providing suitable screens for producing the negatives 
required for three-colour photographic prints, it bocame necessary to 
devise a plan by which rings of different colours could be made of equal 
luminosity in ordinary daylight by rotating them with the proper 
proportions of black. The rings were concentric and rotated as a disc, 



8 is th* nut of the spindle. 

Kit • violet disc (methyl violet). 

B it a portion of s blue ring (French ultrsmsriae). 

J2 „ „ red ring (vermlliou). 

O „ „ green ring (emerald green). 

I* „ „ yellow ring (ohrome yellow). 

W „ „ white ring. 

see fig. 1, and the difficulty encountered was to ascertain what amount 
of black ought to form part of each ring. 

In “ Colour Photometry, Part III,”t it was shown that only one ray 

• Abney sad Petting,' Phil. Trsn*.,’ A, 1888. 
t Abney sad Petting, ‘ PhiL Treat.,’ A, 189S. 
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of the spectrum a greenish yellow, progressed in luminosity at tho 
same iate is white light Thus if part of a white scieen wero 
illuminate 1 by this colour and another pvrt by white light and the 
luminosities woro ejual (say) to one candle then if tho two beams 
wero equally diminished they would still mitch in luminosity until the 
light was so fool le that it ceased to stimulate the letina Other rays 
lying not f ir f om this ray, both on the red and green si lo of it give 
practic illy tho same results When however the red wis complied 
with the white each bung male equal (say) to one on He equal 
diminution of the beams did not show the luminosities as tho same 
the ted becoming tupidly less luminous than tho white With tho 
blue gi con the blue an l the uolet the reverse was the case the 
white becoming darker than the coloui as the beams wero equally 
diminished 

A more extended roseaich which is nearly complete shows that the 
observations recorded in Part III of Coloui Photometry are correct 
and can be appliod to the problom which I wished to solve 

Further it was shown m the same paper that colour disappeared 
from all rays of the spectrum long before (except m the cose of the 
pure red) their light was extinguished this lost owing to tho feeble 
stimulation of the retina Naturally, as the colour bogan to disappear, 
tho matching of the luminosity of the ray under consideration with 
that of white became easier to carry out 

These facts made it possible to devise a ready method to ascertain 
the luminosity of any colour If we take two yellow discs, one (say) 
8 inches m diameter and the other 4 inches and between them sand 
wioh a pair of interlaced black and white discs of 6 inches diameter, 
and rotito the four discs on a rotating machine at a speed whioh will 
make the black and white into a grey without scintillation, this 
grey can be made, by altering the proportion of black to white to 
match tho luminosity of the yellow A very exact match can be 
obtained by observing the discs through a black transparent medium, 
such as the black obtained on a photographic plate after development 
with methol or amidol developers The deposit may be so dense that 
the yellow colour may practically disappear and the two dull greys 
may then be readily matched The luminosity of the yellow in terms 
of the white is given by the angle which the white subtends when the 
small proportion of white reflected from the black annulus is added 
to it 

The same procedure may bo adopted for a green colour and its 
luminosity be obtained It may be stated that four or five observe 
tions for each colour should be made if great exactness is required 

When the luminosities of these two odours have been determined, 
4 inch discs of them may be interlaced with a blue, and a grey formed, 
which can be matched with a grey formed of black and white as before 
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YY are yellow due*. 

Bt w a black due 
W white due. 

8 M the nut of the ipmdle. 


From tho angles which the sectors of the colours subtend and of the 
black and white employed, the luminosity of tho blue can bo calcu¬ 
lated. The luminosity of the bluo being ascertained, a red disc may 
be interlaced with tho green and the blue disc, and that of the red 
calculated. As a check a black and yellow disc may be interlaced and 
compared with tho colour given with tho rod and green discs inter¬ 
laced, one of tho pairs of course being of greater diameter than the 
other. 

To ascertain what degroo of accuracy could be attained the fol¬ 
lowing experiment is given in detail. The light used was the arc light, 
and tho measurements as described above made. 

It was found that the black reflected 3 33 per cent, of white 
light, and that when the luminosity of the yellow was matched the 
interlaced black and white discs occupied 82* and 278° respectively of 
the compound disc. This gave the yellow a luminosity of 78, white 
being 100. In a similar way tho luminosity of emerald green waa 
found to be 43. These two discs were interlaced with a dark blue disc 
and a grey formed which matched a grey formed by black and white. 
The following equation was obtained 

Tallow. Green. Bine. White. Black. White. 

118 + 71 + 171 - 122 + 238 - 130 
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Trilow 

The luminosity of 118 = 
,, 71 - 


25 6 

85 


Wlute 

130 - If® of 100 = 36 1 
360 


Blue 

The luminosity of 171 is therefore leprosented by 
36 1 -(25 6 + 8 5) - 2 

Tho luminosity of the blue pigment is therefore 


42 


The luminosities of the thico pigments were thon compared with 
whito by the method described in Part II of ‘ Colour Photometry,” 
and found to be 

Yellow 77 7 

Green 43 i 

Blue 4 1 


The luminosity of the blue only diffois by that found by the new 
plan by 0 1, which is a very close approximation 

The red diso was then interlaced with the blue and the green, and a 
grey formed as before, and from calculation it was found that it had a 
luminosity of 32 5 Measuring it by the old plan, the luminosity 
came out as 32 7 

Having obtained the luminosity of tho three standard colours, that 
of any other colour can bo calculated by substituting for one of them 
a disc of suoh colour and again making a grey and matching it with 
a grey formed by the black and white It will be noticed that this 
method can be earned out in any light, whether candle light, electnc 
light, or day light, but of course tho luminosities of the colours will 
▼ary according to the quality and kind of light employed 
When the luminosities of the colours aro determined, the angles 
which the segments of the annuluses in fig 1 should subtend can be 
calculated after taking into account the luminosity of the black em 
ployed 

When the duo u rotated round S, each colour should be equally 
luminous, and if by means of an appropriate screen, placed m front of 
the lens, the image of the duo impresses the photographic plate in such 
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o make the density of each part of the negative the same 
on development, then all objects photographed with Buch a screen 
interposed on similar plates will bo rendered in proper gradations of 
light and shade regardless of their colour or colours. 


“ The Diffusion of Ions piodueed in Air by the Action of a Radio¬ 
active Sulmtance, Ultra-violet Light, and Point Discharges." 
By John S. Townsend, M.A, Clerk Maxwell Student, 
Cavendish Laboratory, Fellow of Trinity College, Cambridge. 
Communicated by Professor J. J. Thomson, F.R S. Received 
May 17,—Read June 14, 1900. 

(Abstract) 

The researches described in this paper form a continuation of thoso 
published on the Diffusion of Ions into Gases.* The latter paper 
gives the results of experiments made with ions produced in air, 
oxygon, hydrogen, and carbonic acid by the action of Rontgen rays. 
The gas os in those experiments were at atmospheric pressure. 

The present paper contains similar investigations for ions produced 
in air at various pressures by the action of a radio-active substanoe, 
and also determinations of the rate of diffusion of ions producod in 
air at atmospheric pressure by the action of ultra-violet light and 
point discharges. 

The principle of the mothod consists in calculating the coefficient of 
diffusion from observations on the loss of conductivity of a gas as it 
passes along metal tubing. The experiments were arranged so that in 
all cases the loss of conductivity due to diffusion should be much 
greater than the loss due to other causes, so that it was not necessary 
to apply any corrections for losses arising from recombination or from 
the mutual repulsion of the ions. 

The results of the experiments are given in the following tables. 
Tables I, II, III, and IV give the coefficients of diffusion, K, of positive 
and negative ions in dry and moist air at various pressures, P, the 
ionization being produced by the action of a radio-active substance. 
The temperature of the air during each experiment is given in the 
column 6. 

These tables show that in each case the rate of diffusion of ions into 
a gas is inversely proportional to the pressure of the gas. 

The coefficients of diffusion at 772 mm. show a discrepancy from 
this law, which is somewhat greater than the probable error of the 
experiments, but wo should not expect a closer agreement lietween the 
products P x K unless the temperature of the air was the same in 

* • Phil. xAfttiV A, toL 188, pp. 
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Tablo L—Positive Ions in Table II.—Negativo Ions in 

Dry Air. Dry Air. 




The Talas* of P are expressed in millimetre* of mercury. 


each case. It will be noticed that the experiments at 772 nun. were 
made when the temperature of the air was higher than the tempera¬ 
tures during the other experiments. 

The negative ions which are produced when ultra-violet light falls on 
a sine plate diffuse into air at nearly the same rate as the negative 
ions produced by a radio-active substance. The values of the co¬ 
efficients of diffusion for dry and moist air are 0*0435 and 0*0375 
respectively, the pressure being 760 mm. and temperature 17* C. in 
each case. 

The rates of diffusion of ions produced by a point discharge were 
found to vary considerably. The discharges were usually produced 
from a steel needle or platinum wire pointing along the axis of a metal 
tube. It was found that when the point was at the open end of the 
tube the ions which were produced diffused more rapidly than those 
given off when the needle, or wire, was drawn back into the tube, so 
that the point should be a few centimetres from the open end. The 
differences obtained in this way were greater when the air was dry 
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than when it was saturated with moisture. The following are the 
limits between which the coefficients of diffusion of ions, produced by 
point discharges, were fouud to vary:— 


Positive ions in dry air . 0-0247—00216 

Negative ions in dry air. 0-037 —0 032 

Positive ions in moist air . 0-028 —0-027 

Negative ions in moist air ... 0039 —0037 


“ Static Diffusion of Gases and Liquids in Relation to the Assimi¬ 
lation of Carbon and Translocation in Plants."* By Horace 
T. Brown, F.RS., LLD., and F. Ehcomhe, B.Sc., F.LS. Re¬ 
ceived May 31,—Road June 14,1900. 

(Abstract.) 

This paper is intended to be the first of a serioa descriptive of the 
work earned out by tho authors in the Jodrell laboratory on the 
fixation of carbon by green plants, and deals mainly with the purely 
physical processes by which atmospheric carbon dioxide gains access to 
the aotive centres of assimilation. 

Tho new evidence which F. F. Blackman brought forward in 1895 
in favour of the gaseous exchanges of leaves taking place exclusively 
through the stomatic openings, presents at first sight certain difficul¬ 
ties of a physical nature, which have led to an examination of the 
whole question of the free diffusion of carbon dioxide at very low 
tension, and under a set of conditions very different from those under 
which the previous determinations of the coefficient of diffusion of 
carbon dioxide and air have been made by Loschmidt and others, 
whero the gases were initially of equal tension, and the ratioa of 
mixture departed widely from those of ordinary atmospheric air. The 
inquiry has led to tho discovery of some new facts connected with the 
static diffusion of gases and liquids, which are of considerable interest, 
not only from the physical point of view, but from the explanations 
they suggest of certain natural processes which are primarily dependent 
on diffusivity. 

The method employed in the first instance for the determination of 
the diffhaivity of atmospheric carbon dioxide was one of static diffusion 
down a column of air of a definite length, towards an absorptive 
surface at the bottom of the column. When a static condition has 
been established, there is a steady flux of the carbon dioxide down the 

* Tbs title of tbs .paper u communicated to the Society wae " Some New 
Observations on the Statio Diffusion of Gases and Liquids, sad their Sifuifloaaoe 
bt certain Natural Frooeeaea oeoprrtng in Flanta." 
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air column which may be quantitatively investigated by the same 
simple mathematical treatment as the “ flow 11 of heat in a bar when 
the permanent state has been reached, or the “ flow ” of electricity 
between any two regions of a conductor maintained at a constant 
difference of potential 

By a long senes of experiments of this nature it was found that the 
diffusmty constant, I, for very dilute CO doos not materially depart 
from the value assigned to it by Loschmidt and others, when expen 
menting with much higher latios of mixture, and that the difference is 
certainly not of sufficient magnitude to lie taken into senous account 
in the study of the natural processos of gaseous exchange in the 
assimilating organs of plants 

In the static diffusion of a gas, vapour, or solute, as the case may 
be, the amount of substance diffusing in a given time, all other condi 
tions being the same, is directly propoitional to the sectional area of 
the column It is found, howevei, that if the flow is partially 
obstructed by interposing at any point in the line of flow a thin 
septum pierced with a circular apeituro, the iate of flow across unit 
area of tho aperture is greater than it would be ocrosB an equal area of 
the unobstructed cross section of the column at this point If the 
margin around the aperture has a width of at least thiee or four times 
its diameter, the rate of flow is now found to he directly proportional 
to the linear dimensions of the aperture and not to its area, so that the 
velocity of flow through unit area vanes inversely as the diameter 

A large number of oxpenmonta on the diffusion of cot bon dioxide, 
water vapour, and sodium chloride in solution, are given in support of 
this proposition All these show that the rate of diffusion across such 
a septum, all other conditions being tho same, is directly proportional 
to the diameter of tho aperture, and not, os might have been expected, 
to its area 

Exactly the same result is obtained when small circular discs of an 
absorbent, such as a solution of caustic alkali, are surrounded by a 
wide run and exposed to perfatly stdl air, the amount of carbon 
dioxide absorbed under these conditions being proportional to the 
dtamcUrt of the dues 

If, however, there aro any sensible air currents the absorption 
becomes proportional to the areas 

These two sets of phenomena may be explained as follows — 

In the case of the absorbing disc m perfectly still an, the con¬ 
vergent streams of carbon dioxide creep through the air towards the 
absorbing disc, establishing a steady gradient of density, and this 
owep will be a flux perpendicular to the lines of equal density, which 
form curved surfaces or “ shells ” surrounding the disc and terminating 
in the run. The state of things is exactly analogous to the electee 
field in the neighbourhood of a conductor of the same shape and 
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dimensions as the absoibent disc * In the case of the gas, tho carves 
or “ shells ” of equal density are the inaloguos of the similarly ourved 
surfaces of equipotential above the electrified disc, whilst the con- 
a ergmg hues of creep or flux of tho g is are the analogues of the lines 
or tubes of force winch bond round into the disc as they approach it 

If we consider two such absorbent discs of different diameters, the 
(urvod surf ices in each sj stem corresponding to a given density will 
be found at actuil distances from the discs which are in the sime pro¬ 
portion to each other as iro tho diameters of tho discs In other 
words, tho gridient of density on which the rate of flow depends will 
be proportional to the diamoters of the discs, which is ex ictly what is 
found experimentally 

This case of an absorbent disc is tho exact converse of one which has 
been theoietically investigited hy Stefan, vi? , the conditions of ovapo 
ration of a liquid from a circul ir surf ice He found that the lines of 
flux of the vapour proceeding from the surf ico of the liquid must he 
hyperbolas, whilst the curved siu faces of equal pressure of tho vapour 
must form an orthogonal system of ellipsoids, having their foci, like 
the hyperbolas, m the bounding edges of tho disc This was a purely 
mathematical deduction which has never boon venfied experimentally, 
but it will be seen that the exactly converse phenomena of diffusion 
are in complete agreement with it 

In the other case of a diffusive flow through a circular aperture in a 
diaphragm, the lines of flow, which are eoweigent as they approach the 
aperture, bend round then foci situated in the edges of the disc and 
form a divergent system on tho other side If the chamber into which 
they pass is a perfectly absorbent one, and is sufficiently large, there 
will he formed on the inner Bide of the diaphragm a bystom of density 
shells similar to those outside, but with the gradient of density centn- 
fugally instead of centnpotally arraugod This system of shells is 
termed negative, and is as effective as the outer positive system in 
regulating the flow according to the “ diameter law, ’ so that this law 
will still hold good evfcn if the outer air currents are sufficient to sweep 
away the external positive shells altogether 

All tho known facts of diffusion thiough circular apertures in a 
diaphragm are m complete accord with the abovo explanation, which 
is fnlly elaborated in tho original paper 

By diffusing colouring matter through apertures in a septum, under 
such conditions as to prevent convection currents, the “ density sheHs ” 
have been rendered visible, and it has been shown that their ellipsoidal 
form u exactly that which is demanded by the above hypothesis 
Moreover, this method gives an experimental demonstiation of the 
more rapid projection of the diffusing particles from the edges of the 

* The authors ere indebted to Dr Larmor for this suggestion of the electrostatic 
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aperture than from a point nearer its centre, a fact completely m 
harmony with the deduction of btofan regarding the evapoi ition of 
liquids under analogous conditions 

The various cases which present themselves m practice with regard 
to the rate of diffusion through single apertuies in a diaphragm are 
then discussed from the aboae point of view and simple foimulsc for 
tho dotcrminition of this late foi single and double systems of density 
shells are established (l)for coses where the thickness of tho ilia 
phragm is negligil lo md (2) for other eases whero the ipcrtures 
liecome moro or less tubular In i sulwcqucnt section of the paper it 
is shown how closely tho ol served facts conform to these deductions, 
and that m static diffusion through apertures m a septum we have i 
new and accuiote method foi the detei nunation of the diffusivity 
constants of atmospheuc COj of tho vapouiB of liquids, and of sub 
stances in a state of solution 

Since the velocity of the diffusive flow through unit area of an 
apeiture in a diaphiagm vanes inveisely with the diameter, it might 
reasonably be expected that a di iphi igm could be so perfoi ited with a 
senes of very small holes tnanged at suital le distances from each othei, 
as to exercise little oi no sensible olwtiuction when it was interposed m 
a line of diffusivo flow, although the aggiogate area of the small holes 
might represent only a small fraction of tho totd aiea of tho septum 
Multiperforate diaphragms of this kind were found to possess all the 
remarkable properties which had boon anticip ited 

The matenal used for the septa was very thin colluloid, which was 
perforated at regular intervals with holes of about 0 18 mm in diameter 
Details of a numbei of experiments with such diaphragms are given, 
in which it is ahowm that thoy may bo so ai ranged os to produce but 
little obstructive influence on the diffusive flow of a gas when the 
total area of the apertures amounts only to about 10 pei cent of the 
area of the septum and that nearly 40 per cent of the full diffusive 
flow may be maintained when the number of tho aporturos is so far 
reduced as to lepresent an area of only 1 25 per cent of the full area 
of the septum 

The explanation is to be found m tho local intensification of the 
gradient of density in the immediate neighbourhood of the diaphragm, 
and which does not extend to tho column away from the ipertures 
This disturbance of gradient is brought about by the rapid convergence 
of the lines of flux, and their divergence on the other side, with the 
consequent foi motion of a system of ‘ density shells over each 
aperture A system of perforations of this kind may be compared with 
a tystem of conductors electrified to a common potential, the density of 
the diffusing substance above the apertures corresponding to eloctnc 
potentasl, and the non absorbing portions of the diaphragm to a surface 
formed by lines of electric force Just as the electric capacity of a 
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plate u not much reduced by cutting most of it away, so also u it 
possible to block out a large portion of the cross-section of the diffusing 
column without materially altering the general static conditions on 
which the flow depends 

The importance of these results m relation to diffusion through 
porous septa is next considered, diffusion through a thin porous 
septum being only m extreme case of free diffusion through a multi 
perforate diaphragm, whose apertures are so far reduced in sue as to 
materially interfere with the mass movement of the diffusing substance 

A section of tho paper is devoted to the application of those new 
observations to the processes of gaseous and liquid diffusion m living 
plants, and it is pointed out that the structure of a typical herbaceous 
leaf illustrates in a striking manner all the physical properties of a 
multiperfoi^te septum Regarded from this point of view it is shown 
that the stom itic openings and their adjuncts constitute even a more 
perfect piece of mochonism than is required for the supply of carbon 
dioxide fur the physiological noeds of the plant, and instead of ex 
pressing surprise at the comparatively large amount of the gas which 
an assimilating leaf can take in from the air, we must m future rather 
wonder that the intake is not greater than it actually is 

From data affoided by actual measurements of tho various parts of 
the stomatal apparatus of the sunflower it is shown that an extremely 
small difference of tension of the carbon dioxide within the leaf, as 
compared with that in the outer air, will produce a gradient sufficient 
to account for the observed intake during the most active assimilation 

It is also shown that the large amounts of water vapour which pass 
■out of the leaf by transpuation arc well within the limits of diffusion, 
and that it is unnecessary to assume anythmg like mass movement in 
the outcommg vapour 

Tho translocation of solid material from cell to cell m the living 
plant is next considered, especially with reference to this transference, 
being, at any rate in part, brought about by means of the minute 
■openings in the coll walls through which the connecting threads of 
protoplasm pass ^withstanding the veiy small relative sectional 
area of these perforations, they prolmbly exercise an important function 
m cell to cell diffusion, in virtue of their properties as multaperforate 
septa 

Theie are two appendices to the paper, one in which a full descrip¬ 
tion is given of a senes of experiments on the absorption of carbon 
dioxide by solutions of caustic alkali from air in movement, the 
second being devoted to a detailed descnption of the methods used for 
accurately determining the carbon dioxide absorbed 
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The Electncal Effects of Light upon Green Loaves (Prelimi¬ 
nary Communication) By Au< usrus T) Waiikr MD, 
FRS Received June b —Read June 14 1900 

In connection with an investigation of electncal effects of light 
upon the retina,* I hive oxsminod vegetable protoplasm (green leaves) 
with reference to electncal effects that might be evpoctod to occur in 
connection with the chemical changos produced by light 
Under certain favourable conditions that I hope to dcteimine 
further, a true electncal response to light is obtained, consisting m 
the establishment of a potential difference between illuminated and 
non illuminated half of a leaf amounting to 0 02 volt 

Among ordinary garden leaves, I have found to be well a lapted to 
demonstration those of young Ins plants about 6 inches high, and of 
“ ten week Stocks in active growth The former, tested by Sachs' 
method, exhibited no evidence of stuch actnity in consequence of 
insolation, the latter in favour tble mat mces exhibited marked deposit 
limited to illuminated pai ts Leaves of Tropseolum of Begonia, and 
of Nicotiana have also proved to be suitable objects of study 

Most of the following description rofois to young Ins loaves in the 
first half of the month of May 

The method of observation is as follows — 



Fm 1 —.Normal Response to I ight In* 1 af Primary negative ’ effect 
during illumination 

A freshly cut but otherwise uninjured leaf is laid upon a glass plate 
and connected with a recording galvanometer by means of two unpolans 
ablet electrodes A and B One half of the leaf is shadod by a piece 

• ‘ Proo Roy Soo,’ March SO | and Phil Tran* B 1900 (in the pre**) 
t Du Bou Reymond i electrode* of the u*ual type, not DArsonvals which 
arc rendered electromotive by light Illumination of a ohlonde of silver electrode 
by a ‘16 OP" lamp at 10 cm distanoe gave a motion amounting to between 
0 002 and 0-008 volt A nnc electrode under similar conditions gave a motion 
of about 0-0001 volt, In which, however I did not attempt to distinguish separate 
effects «t light and heat 
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of black paper Leaf and electrodes are enclosed in a box, provided 
with a shuttered aperture, through which light can be directed A 
water trough in the path of light serves to cut out more or less heat 
A glass ] u inverts 1 ovu the loaf and oloctrodos forms a moist chamber 
to delay drying During illumination the galvanometer spot is 
defected bo as to indie ite current in the leaf itself from excited 
part to protected pait, tt if B is shaded, light falling upon A 
arouses current m the leaf from A to B, if A is shaded, hght 
falling upon B arouses current from B to A 

1 The deflection begins and ends sharply with the boginning and 
end of lllumin ition 

2 It is provoked slightly by diffuse daylight, more considerably by 
an uloctncvl m hght, and in greatest degree by blight sunlight 

3 It is abolished by boding the leaf and by the iction of anesthetics 

These are the main facts proving that the living leaf responds 

electrically to the stimulus of hght 

At this preliminary stage two points of doubt occur to mind and 
require to be tested, viz, possible effects of heat and of surface 
evaporation that necessardy accompany illumination 

These effects are small m comparison with the true response, and of 
opposite sign Illumination of a dead leaf gives little or no offset, 
and what httlo effect there is, is directed in the leaf towards the 
illuminated half, where heating and evaporation are provoked 

The true response to light varies with varying physiological states 
of the leaf and of ita parent plant 

Not every leaf gives responso, nor is the response of equal magiu 
tude in different leaves to luminous stimulation (arc hght) of oon 
stant intensity and duration 

The external condition by which the state of leaf is moat obviously 
governed is trmperaiure 

My first experiments were made upon Ins leaves taken almost at 
random from young plants (old roots) about 6 inches high at the end 
of M iroh (temperature not noted, but presumably below 15*) The 
response to light was between 0 001 and 0 002 volt 

The next sot of experiments commenced on May 8th on young 
leaves of similar plants 

The responses then observed were 


Warm | 

Cold, f 
10 - | 


May 8 
„ 10 
„ 11 
„ 12 
„ 13 


0005 

0 008,0 025 
0 005 
ml 
ml 



131 


The Electrical Effects of Light upon Green Leaves 

I thereafter took note of the external temperature and tested the 
leaves in a warm box with satisfactory results 

A few days later (May 21st) Iris leaves even in the warm box wore 
notably inert lw« leaves woro tested with negative lesults a third 
leaf gave a response of 0 008 volt but its l eaistanco was obstin itely high 
(nearly 1 megohms) i fornth leaf give a lesponse of 0 004 aolt(plates 
1770 and 1771) On May 2 3rd I was unable to find a satisfactory 
loaf most of the plants were fully grown and in flower I thmforo 
abandoned Ins and sought for other satisfactory leaves, in which it 
might be possible to obtain evident differences of reaction in correla 
tion with evident diffidences of state 
To sum up the effect of temperatuie upon the response of Ins—the 
normal rosponso at IB to 20 is diminished or abolished at low 
tomporatuie (10 ) augmented at high tomperature (30°), diminished 
at higher temperaturo (50 ), and abolished by boding 




Fig 3 —Future of rcepome in en inert lest of Ine 


Time of day —Leaves of Ins appear to give more marked response 
at or about mid-day, than at or about 6 pm 
Young leaves of young plants act well Old leaves of old plants do 
not aot at all The older leaves of young plants act better than the 
younger leaves of old plants. 
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Other plant* —Leaves of Trop®olum and of Mathiola, a* far aa I have 
yet seen, give a response to light* that is in the mam the contrary of 
the ordinary Ins response, vis , “ positive ” during illumination, and 
subsequently “ negative ”* 

L, L, L, I 4 L, I, 
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Fio 4—Sens* of Normal Beeponaet of Mathiola annua (‘ positive ’ during lllu 
mination, «ub*equently negative ) (1703) 

Leaves of Nicotians reacted like Ins 

Leaves of Begonia have given a variety of responses strongly sug 
gestive of the simultaneous action of tao opposed forces effecting a 
resultant deflection in a + or - direction 

As regaids Mathiola and Trop-eolum, leaves empty of starch have 
acted bettor than leaves laden with starch 

Loaves of Ulva gav e no distinct response (only one senes of trials) 

Leaves of ordinary garden shrubs and trees, <Lc (t g, Lilac, Pear, 
Almond, Mulberry, Vine, Ivy), and petals of flowers, gave no distinct, 
response 

AwrdMw *—I was able to make only three satisfactoiy experi¬ 
ments with Ins leaves, before the supply of available material bad 
come to an end t 

The first was made upon a vigorous young leaf on May 15th, the test 
(five minutes’ illumination) being made at intervals of rather more 
than half an hour, with the following result — 


* " Negative ” si the term n employed in phyuologmal literature, i <, negative 
pole of poatrve element (' nncative ) 

t Note added July 16/* —I b»Te made further trial of antithetic* during the 
peat month upon leave* of Begoni* The effect wa* perfectly clear, but »low—vu, 
temporary abolition of reiponte by ether vapour, permanent abolition by ohloro* 
form vapour, augmentation by little CO, temporary *uppr*a*ion by “ much “ 
CO, I think it potable that tbe refractory behaviour of the In* leaf mentioned 
m the text may have been due to a primary effect of the anntbeba upon rtcmetal 
guard oell* (Vide ‘ Proc Phyaiol Soc,' June 80) 



The Electrical Effect* of Light upon Green Leaves 


Response before CO 

during and after CO 
subsequently 
during and after CO 
suliscquently 


- 0 008 volt 
= nil 

- 0 013 „ 

- ml 

- 0 010 „ 
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The second cxpei imont was nude upon a rathei “old” leaf on 
May 21st, the test being applied it intu\ ils of 10 minutes, and the 
leaf chamber hung it 25 


1 Noimal icsponse 0 004 to 0 005 

2 After chloroform - 0 001, 0 002, 0 005 

3 After moie chloiofoim 0 005,0 008 

4 After carbon dioxide 0 002, nil, 0 001, 0 012, 0 003 


Upon other leaves (Mathiola, '1l opseolnm) I have witnessed— 

1 Augmentation of icsponse in consequence of an an supply con 
taming 1 to 3 per 100 of COi 

2 Prompt iliohtion of response w hon a full stream of CO is run 
thiough the lo if chamber 

3 Gliadual abolition of response when the ur supply to the leif 
chamber has been kept deal of CO , followed by gradual recovery oil 
the readmission of a small amount of CO 

The action of ether upon a leaf of \i titan i 1 ilaium was as 
follows — 

Time 0 Noimal 00016 


15 mins 
30 „ 

46 „ 

60 „ 
90 „ 

150 „ 


Etherisation 


•I 0 0016 

L 0 0004 
-0 0008 
0 0008 
0 0016 
0 0020 


each period of illumination lasting foi 2 minutes 


Nairn i of the Noimal JUiponse (In* Lemes) 

JDxieUwn —lhe accidental or “normal” loaf cm rents obeeited 
when the electrodes are fiist appliod to a leaf are of no significance, as 
regards the response to light Such “ normal ” current may lie duo to 
accidental injury oi to physiologioal inequality or to unequal imbibi 
tion of contacts, and necessarily includes the small amount of curront 
that may arise fiom the unpolansable olectrodee It may be positive 
negative, or non-existent 

The regular and normal response to light is independent of such 
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154 I)i A 1) Waller 

accidental cuirente proudtd the} lie not due to excesuie physio¬ 
logical differences 

The immediate oftoct of light is to arouse cuiient in the hilf shided 
leaf directed from the lllumin ited to the shaded half (i r m the 
galv mometer from sh idtcl to illuminated xe fiom testing to active 
tissue is in muscle ind nerve) 

With illumination <f moderate dui ition te not exceeding a fow 
minutes this fust effect lists ts long is its cause using tow irds a 
miximuni "With longci lllummition i nnximum is reichcd ftom 
w hie h the ofFccc liegins to decline Ihe ciulent drops to or bey and 
ztro giiing place to the recei sod cun cut which is the rcgulir aftoi 
effect of illumination 

At the end of m lllumin itic it of moclei ito dm ition the cm lent 
rapidly subsides uid gives plite to c icvorsed ciuicnt dnccted in the 
leaf towirds the pioviously lllumin it* d half 

This c fleet an 1 iftei effect of lllumin ition aie simil ir m ippearance 
to the effect md iftei offcct in ncm produced by tetuus ition extend 
mg howoMi o\ci longer pen hIs of time (hgs 2 md H) 

M i fiitt (l — Tho electi umotn c forte of the response his i\ due that 
usually r tnges fiom 0 00,i to 0 0-0 v It 

Ihe loif lesisttnce (lnlcipolu distance B cm and bieidth = 
about 1 cm) is gtnciully lx tween BOO 000 and 1 000 000 ohms 

Tho cm lent deflection with these \ dues is between 5 and 40 cm of 
sc do, with i possible accidental effect cf ± 1 cm * 



& 46 GS i n mill mi m i mi ..in ii mm in ii linn i ii n ii 

Fia 6 —Intend of lime between Illumnstion Land BoeponseB of a vigorous 
Leaf of Ini (178J ) 


• The aenutiTenMi at wlucli thii galvanometer wai use 1 wai auch that 10“* A 
— l.cm scale With tho recording galvanomattr 1 cm of ordmata - 810“'A 



Summar\ of OWi 
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I After immersion in boding sster 




On the Viscosity of Oates at affected by Tempeiatun 197 

Latewg —Tho effects and after effects occur very sharply at begui 
nmg and end of strong illumination of moderate dm ition Tho latent 
penod is botwoon 3 and 10 stc 

fatigue and 1 emeu/ —Tho effects of successive illuminations (of r > 
minutes’ duration) piogrtssuely dimmish if repeated at ‘ short ’ in 
tervals (10 minutes) At intervals of ibont 1 hour successive lllumina 
tions of 1 minutes produce appnximitoly equil (fleets 

With the leaf of Mathilda I hue used periods of illumination of 
2 minutes it intervals of 11 minutes without provoking any obvious 
sign of f itigue 

6 mrlu t n —Tho leaves of ceitain phi ts under f ivom al le conditions 
of life exhil it t lecti omotivt effects ui 1 aftei effects imounting to 
± 0 02 volt in l espouse to lllumiu ition 

As m the < iso of mini d tissue it is possil lc th it the neg itivo 
(zmcative) effect may lie siginhc int of dissimil ition md tho opposite 
effect oi aftei eftet t significant c f assimil ition 

The absence of distinct icspc use m petils indie ittB that chloropl istb 
are essential to the inaction 

Iho absence of distinct iesponse in the gioon leaves (f trees ind 
shrubs is possibly duo to a lower iverigo motil lisni m such leives, as 
compared with the activity of leives of small jonng pi nits m which 
leaf functions aie ptesumahly conccnliated within a smillet area 


‘ On the Viscosity of hoses as aftc ted by leinpeiatuie Bj 
Lord Kaylfioh 1 its lie caved Juno 20—Head June 21 
1900 

A forraei paper* deserdws tho appiritus by which I exinuned the 
influence of temperature upon tho viscosity of irgon mil other gases 
I have recently h ul tho opportunity of testing in the same way, an 
interesting samplo of gas prepared by Professoi Dewar, being the 
residue, uncondensed by hjul h/li g i from a large quantity collected 
at the B ith springs As w is to be expected t it consists mainly of 
helium, as is evidenced by its speeti urn when rendored luminous in a 
vacuum tube A line, not visible fiom another helium tube approxi 
mately in tho position of D (Jieon) is also app irent { 

The result of the comparison of viscosities at abont 100 C and at 

* 'Boy Soc Pm, vol 80 (1900) p 68 
■T Boy Soo Pm, vol BJ (1806) ] 207 rol 60 (1896) p 60 
$ I speak doubtfully, became to my eyo the mterral from D, to D, (helium) 
appeared about equal to that between D, and the line in que ition, whereae accord 
»C to the mearurement* of Bamsay and intrerj ( Boy 8oe. Proc / vol 68 (1898), 
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the temperature of the room was to show that the temperature effect 
was the same as for hydrogen. 

In the former paper tho results wcro reduced so as to show to 
what power (a) of the absolute temjmraturc the viscosity was propor¬ 
tional. 


Air. 0-754 111 8 

Oxjgcn .I o '78a 128‘8 

Kr} ••• «« 1 122 

Argon. 0 815 150 *8 


Since practically only two points on tho tomperaturo cuivo wcie 
examined, tho numbers obtained were of course of no avail to deter¬ 
mine whether or no any powoi of tho temperature was adequate to 
represent the complete curse The question of tho dependence of 
viscosity upon tompor.tturo has lxien studied by Sutherland,* on the 
liasis of a theoretical argument which, if not absolutely rigorous, is 
still entitled to considerable weight He deduces from a special form of 
the kinetic theory us the function of temperature to which the 
viscosity is projioi tional 


_6r* 

l+r/B 


( 1 ), 


< being somo constant proper to the particular gas. The simple law 
fflr, appropriate to “ hard spheres,” here appears us the limiting form 
when 0 is very great. In this case, the collisions are sensibly unin¬ 
fluenced by the molecular forces which may act at distances exceeding 
that of impact. When, on the other hand, the temperature and the 
molecular velocities are lower, tho mutual attraction of molecules 
which pass near one unother increases tho number of collisions, much 
as if the diameter of tho spheres was lucreasod. Sutherland finds a 


D, . 5803-0 

D, . 5889 -0 

D, . 6875-9 

. 6849-6, 

•o that tbs above-mentioned interval* would be a* 19-1:86 8. [«f*a# 28.—Subee. 
quent observation* with the aid of a nale *howed that the interval* above spoken 
of were a* 80 81. According to this the wave-length of the Hne teen, aocLrup- 
poeed to correspond to D,, would be about 5865 on Rowland’* Male, whire D, - 
6806 8, D, - 5890 'S, D, - 5870-0.] I may reoord that the reflectivity of the 
gu now under discussion i* 0-188 relatively to air. 

* 1 Phil Mag./ vol 86 (1898), p. 607. 
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very good agreement lie tween his fornrnh (1) and the ohscivations 
of Holman anil othci s upon vm ions gases 
If the law lie issumed, my olservitions suflico to doteiminc the 
values of < I hey ue shown in tho t tide, and thev igiec well with 
the numbers for au md oxygen cahuhtcd by Sutheiland fiom obser 
vations of Olierm ty ei 


Rcpoit of Migntticil Obatrv itinns it Falmouth Observatmy 
for the \cir 1807 1 at iludi r >0° 0 0 N longitude 

4' 13 'W liught 107 f<< t tbovt mom sei level 

The Declination and llonrontil lorn no deduced fiom houily 
readings of the photogi iphic units, and so ire (oriectod for tho 
duunal vuntioii 

The lesults in the following tihlts, Nos 1, II, Ill I\, aie deduced 
flora the mvgnetogivph tuivts, which luve lieen stand udised by 
obsuvitions of deflection uni vibrition ihese weie made with the 
Collimatoi Magnet marked G6 V, md the Dedinometoi Mignct marked 
66t, in the Umhlai Magnotomcter No 06 by Llliott Brothers, of 
London Ihe temper ituio correction (whieh is piohibly vciy small) has 
not been ippliod 

The Declination uul Honzontd Force tallies given in lables I to IV 
are prepared in actoiduice with tho suggestions made in the Fifth 
Report of tho Committee of the British Association on comparing and 
reducing magnetic obseivutions, and the time given is Greenwich 
Mean lime which is 20 minutes lb suontls oathot thui local time 

Tho foliowuig is i list of the days during tho you 1897 which were 
selected by the Astionomer Royal as suitiblo for the detet ruination of 
the magnetic diurnal vairations, and which have been employed m the 


preparation of 

the magnetic t dries 

" 



Januaty 

0 , 

9, 22, 21, 26 

Inly 

1 , 

9, 13, 18, 26 

February 

2, 

9, 17, 18, 20 

August 

4, 

5, 6, 24, 31 

Match 

14, 

15, 16, 18, 20 

September 

11, 18, 19, 26, 28 

Apiil 

3, 

11, 12, 13, 22 

Octolier 

5, 

9, 13, ‘20, 21 

May 

8, 

9, 12, 16, 28 

November 

7, 

8, 12, 23, 30 

June 

8, 

9, 10, 12, 30 

December 

8, 

13, 26, 27, 28 


LDWARD KITTO, 

Magnetic Obtmer 
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Table I Hourly Means of Decimation at the Falmouth 
on Five selected quiet Day# in 



Wi t 



43 1 42 0 
4d t 43 3 
42 4 42 4 
U 3 42 0 
40 8 41 0 
89 «. 39 7 


41 8 41 6 
40 7 40 6 
' “ 8J 6 


42 r I 42 7 12 1 

42 S 42 l 40 8 
41 8 40 2 39 1 
40 8 99 8 38 7 
Hi 39 7 « 7 
3 1 19 8 3J o 


40 8 39 0 « 8 an 9 42 8 

39 f , 38 » 39 7 41 6 44 3 

39 0 38 j 3 * 6 41 6 43 6 

38 9 I 38 3 38 7 40 7 427 

38 2 38 0 38 o 40 6 483 

39 1 38 4 1 88 8 40 0 421 


Xtui 41 9 1 41 9 41 7 41 5 41 2 40 


1 39 0 40 7 48 1 


lal le II D uinal Ii o ju ihty of the Falmouth 


14mt r ean 

|-0 9 J«o 7 | 0 6 -0 21-0 4 1-0 1 1-0 7 -0 9 Ll 6 1-1 8 |-1 0+02 


Annual m«an 


j-0 7 -0 


-11 -1" -8 0 -2 7 -18-14+01 





Fain outli Ohw vatory for the I far 189' 
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Observatory determine 1 from the M ignetograph Cun es 
each Moi th d mg 189” 


Noon 


2 

3 

l‘ 

l & 

0 

7 

' 

9 

10 

11 

Mid 






W tor 







40 6 

47 2 

40 6 

16 

4 j 

45 2 

44 6 

41 3 

48 8 

43 r 

43 4 

43 0 

43 8 

45 7 

47 0 

46 0 

It 1 

45 8 

44 7 

4t r 

44 - 

43 8 

43 5 

43 1 

42 9 

42 9 

45 8 

48 1 

48 8 

47 0 

46 1 

41 1 

43 3 

42 7 

49 7 

42 8 

42 4 

41 9 

42 0 

44 6 

4o a 

14 7 

44 1 

4 b 

42 2 

41 8 

41 1 

41 8 

40 9 

40 8 

40 9 

40 1 

42 6 

42 e 

42 C 

41 e 

41 

41 0 

40 2 

40 ) 

39 8 

88 9 

38 3 

88 8 

88 5 

40 8 

40 7 

40 o 

J07_ 

W b 

89 2 

38 

ss r 

88 5 

38 1 

38 1 

38 2 

88 6 

44 8 

45 

46 0 

41 2 

ITT 

4° 8 

4« 

41 8 

41 7 

41 3 

41 0 

41 0 

41 1 

— 





S 

n er 







45 5 

48 8 

40 0 

1., 

L 

46 0 

11 9 

43 » 

43 8 

43 7 

13 7 

43 4 

43 X 

47 0 

47 8 

48 3 

4b r 

4o 0 

44 3 

43 9 

41 b 

43 0 

41 b 

43 o 

43 8 

43 4 

45 o 

40 4 

4b 8 

40 

4 2 

14 1 

43 9 

41 3 

43 0 

1 9 

42 0 

42 1 

42 0 

46 4 

40 3 

4 

4b 0 

41 8 

43 

4 2 

42 2 

42 

42 1 

42 4 

42 0 

42 0 

460 

47 5 

47 5 

4*> 4 

44 b 

42 8 

41 8 

41 2 

41 2 

41 3 

41 2 

41 0 

41 Q 

44 0 

46 0 

45 4 

44 7 

43 7 

42 8 

42 7 

42 2 

41 3 

41 0 

40 8 

40 8 

404 

40 7 

47 0 

47 3 

40 1 

46 0 

48 7 

48 1 

42 

4° 6 

1 4 

“i 

40 1 

42 0 


Xeclination as de luced fiom 1 iblo I 
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1 ililt, III - Ilouily Mt u ib of the Ilon/ontal Force at Falmouth 
0 18000 + (C Q S unit*) on 11VL ,olectod <l U10t ***' m 

Hour* j Mid I 1 | i | 3 I 4 j B I 0 I 7 I 8 | 9 j 10 I 11 I 




Table IV —Diurnal Inequality of the Falmouth 


8 SfiHSS 








Falmouth Obtet laton / for the Year 18l)7. 
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Observatory, determined fiom tho Mugnetograph Gunoa 
each Month during the yen 1897 




Horizontal Force us deduced from Table III 
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llcpoil of Magnetical Olservations at Falmouth Obaervatorj 
for the Year 1898 Latitude 50° 9' 0" N., Longitude 
fi 0 4' 35" W.; height, 1G7 foet above mean sea-lovel. 

The Declination and the Horizontal and Vortical Forces are deduced 
fiom hourly readings of the photographic mrves, and so aro corrected 
for the diurnal variation. 

The results in tho following tables, Nos. I, II, III, IV, are doduced 
from the magnetograph curves which havo hoen standardised by 
olisoi various of dofloctiou and vihiation. These wore made with the 
Collimator Magnot, marked (16A, and the Declinometer Magnet, marked 
6<k’, ill the Unifilar Magnetometer No. G6, hy Elliott Brothers, of 
London. The temperature correction (which is prolwbly very small) 
has not been applied 

Iu Tablos V and VI tho Vortictd Force values, also deduced from 
the Photographic Curves, havo been standardised by olwervations of 
Dip and of Horizontal Foreo, and are published for the first time. 
Tlie Jaiiumy results aie based on four days’ moans, and tho Juno and 
Octolior results on the means of throe days only. No tomperature 
eorioction has lieon applied, and this piobably has modified to some 
extent the apparent law of variation of tho Vortical Force throughout 
the twenty-four horns. As is not unusual with a now' instrument, some 
discontimuties occurred in tho course of tho year 

In Table VII, H is tho moan of tho absolute values observed during 
tho mouth (generally throe in number), uncorrectud for diurnal varia¬ 
tions and for any distnrlwnce. V is the moan of tho products of the 
tangent of Dip and H. 

In Table VIII tho Inclination is the mean of the absolute observations, 
the moan time of which is 3 P.M. The Inclination was ohservod with 
tho Inclinometer No. 86, hy Dovor, of Charlton, Kent, and needles 1 
and 2, which are 3J inches in length. 

The Declination and the Horizontal and Vertical Force values given 
in Tables I to VI are prepared in accordance with the suggestions made 
in the Fifth .Report of tho Coramittoo of the British Association on 
comparing and reducing magnetic observations, and the time given is 
Greenwich Mean Time, which is 20 minutes 18 seconds earlier than 
local time. 

The following is ai list of the days during the year 1898 which were 
selected by the Astronomer Royal as suitable for the determination of 
the magnetio diurnal variations, and which have been employed in the 
preparation of the md^netic tables:— 
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JanuHry 

3, 

4, 

7, 

9, 

21 

February 

1, 

3, 

7, 

26, 

27 

March 

1 , 

3 

4, 

24, 

31 

Apnl 

1, 

9. 

21, 

22, 

29 

Miy 

7, 

19, 

21, 

23, 

25 

Juno 

5 

U, 

17, 

20, 

21 

July 

2, 

10, 

15, 

16, 

18 

August 

1 

8, 

10, 

15, 

25 

Septemlwr 

0 , 

7, 

12, 

21, 

26 

October 

4, 

8, 

12, 

16, 

18 

Novembei 

5, 

10, 

14, 

29, 

30 

December 

11, 

12, 

17, 

23, 

26 


] I>\\ AK1) K1IT0, 

Mil jin It 01 mu i 
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Table I —Houily Means of Dothn ition at tho Falmouth 
on live selected quiet Days in 


Hon Ml 1 

2 3 ' 1 

j i__! 

8 | 9 | 10 | 11 

1898 

Jan 87 87 9 
Job 87 8 88 0 
Mar 1 87 9 98 0 
0 t 84 9 36 J 
No 95 7 86 8 
l)o 34 9 36 

98 3 98 4 98 1 

38 U 98 0 38 1 

37 9 98 0 37 7 

to 3 15 4 3+0 

90 4 o 1C 6 

9 7 96 1 15 8 

A’ ter 

98 ( 37 8 37 7 

88 0 37 7 17 

19 1 37 9 37 7 

So 1 to 1 94 6 

1 1 30 * 9 1 

3 8 3 0 So b 

97 4 87 4 97 6 38 9 

17 o 87 1 37 3 88 7 

17 1 9b 8C 6 88 7 

39 3 19 2 94 7 87 2 

811 36 0 36 8 38 1 

35 3 3o 5 30 3 36 b 

Mn 86 6 8r 7 

Apr 1 1 88 J 38 7 
May 38 9 97 1 

T no 37 6 97 9 

J ly |97 8 37 3 
Aug | 86 8 98 J 
Sept | 8 5 35 6 

9b 9 37 1 3 9 

S 

98 4 98 1 98 

36 9 9 8 96 2 

17 5 1 37 3 3 8 

37 0 1 7 98 i 

96 9 35 8 9 7 

loO 36 2 34 5 

17 0 3 7 96 6 

37 ) 98 1 37 o 
35 1 33 6 92 2 
35 3 33 8 33 2 
to 4 94 1 33 8 

9o 4 81 7 84 1 
34 3 31 8 39 » 

98 1 9 9 36 6 88 0 

38 4 9 0 3C 9 38 9 

91 32 o 9 1 98 6 

91 83 1 3o 0 98 1 

33 7 34 9 9b 1 38 4 

93 i 14 8 96 8 U 3 

38 f 99 9 3s 6 37 9 

Mra a 87 2 87 J 

! 38 9 91 7 36 2 

to 6 94 7 34 2 

33 8 34 1 95 9 88 6 


T 1 le II —Di imal Ii equality of the lalmouth 


Ho r» M d 1 2 j 3 4 I 6 fi 7 R 

S r a 

i I I I ! 

04 -OR -0 7 0 9 1-1 4 - 0 1 2 9 -3 4 | 88 

V7 nter me n 

J -0 0 -0 7 1-0 5 J -0 3 -0 6 1-0 4 j -0 7 -09 -1 1 

Ann al ne»n 

1-0 7 |-0 B Lo 6 |-0 8-10 |-1 2 |-1 8 1-2 2 -2 6 


9 10 11 


• - -1 7 +0 9 


-1 8 - 081+08 


j—<J 5 —1 8 |+0 8 



lali out! Obtnato j fot tl Itai 1W8 


U h 


01 servatory determined from the Magnetograph Cur cb 
each Month d ini g 1808 

Voon 1 l 1 1 S 6 8 1 10 I 11 M d 


\\ to 


4 O 14 O 2 JJ 0 | 8 DO 84 48 7 44 2 47 7 37 5 3 3 » 

40 2 41 4 I 41 4 40 8 34 8 39 l 38 7 34 1 34 1 37 7 4 

41 6 1 431 13 4 42 1 41 2 4 1 49 49 1 38 9 38 8 38 o 

89 7 40 4 | 4 ( | 44 2 47 3 S 3 Gr |38 2 )8 0 3 o 4 42 

40 4 30 9 80 4 34 0 HI 37 3 b 4 | 30 4 3 38 4 

87 6 37 o | 47 4 4 8 3 373331348 41 41 4 

30 8404104 4 34 803 13 T 0 36 6 31 



Decluiat oi aa led ice l f om 1 lie I 


Hoon 123466784 10 11 Ml 


humn r n ea 


+ 8 6 +6 2 +6 1 +4 0 + 9 1 +1 • +0 3 1-0 1 0 2 | 0 3 -0 4 -0 3 I -0 8 


Wner « 


+ 8 4 '+8 0 +2 9 +2 1 +1 +0 8 +0 1 0 8 0 o j -0 8 10 -0 91-0 8 


+ 8-0 +4 1 +4 0 +8 1 +1 8 +0 0 +0 2 1-0 2 -0 4 -0 8 -0 7 -0 61-0 7 


37 4 3 8 
47 6 37 3 1 

38 4 38 4 
36 3 8 1 

4 3 0 1 

44 b 31 8 


36 6 36 b 


ISSSSSS 
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Rcjtort of Magnetual Obtenaitons at 


0 18000 + (C G18 unto) 


Table III —Hourly Means of the Horizontal Foice at Falmouth 
8 ^ Five seles ted quiet Days m 


j«n m oo4 

ifeb 023 622 

Mirth 028 620 

Oct 638 630 

1 Nor OH 631 

i D«o 6)5 035 


718 9 , 10 11 


607 610 612 012 610 607 009 
623 1.25 627 626 626 625 621 
621 622 021 | 626 | 623 019 614 
636 627 636 686 I 638 I 623 616 
635 630 611 > 612 1 633 631 622 


627 j 629 610 630 628 621 1 618 i 


April 622 | 610 I 

Mtr I 686 634 I 

June I 639 637 I 

July I 630 620 j 

Aug I 648 616 

Sept 622 624 | 


630 626 | 618 

624 610 . 610 I 

03b (32 I 625 


Table IV -Diurnal Inequality of the Falmouth 


«». + 00001 - 0000 - 000(7 - 00011,- 00018 - OOOjI- 000.1 
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Observatory, determined from the Magnetograph Curves on 
each Month during the Year 1898 



m. Lxvn, 
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Tablo V —Houily Means of the Vortical Force at Falmouth 


Fivo seleeted quiet Days in 

0 43000 + (CO8 unit!) 



Table VI —Diurnal Inequality of the Falmouth 







FalmotUh Obmvaiory for the Year 1898. 
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Observatory, determined from the Magnetograph Curves on 
each Month during 1898. 



687 688 646 653 657 660 568 682 ' 660 669 659 
676 680 686 596 002 606 606 606 601 697 598 
668 670 675 582 685 590 590 587 582 578 678 
488 409 604 611 614 617 617 516 615 612 518 
643 642 541 660 656 569 569 658 556 656 566 
680 627 631 580 644 646 545 516 646 646 543 

641 648 648 555 660 568 563 662 660 658 568 


Vertical Force as deduced from Table V 



i SSSilS I 81311185 
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Table VII —Magnetic Intensity Absol ite Observations 

Falmouth Observatory 1898 

I OG8 n oature j 


1898 

Hor 

Hor xontal force 

Vor 

Vert al force 

Ja ary 

0 18008 

0 43611 

Fob lary 

0 18600 

0 43688 

Mu 1 

0 18j86 

0 43o62 

A, 1 

0 186J3 

0 436 8 


0 186 7 

o 4 rar 

luno 

0 18011 

0 43546 

J J 

0 1KT11 

0 4 10 

August 

0 18628 

0 435 4 

Sopte b r 

0 18 02 

0 41 

O tob r 

0 186X 

0 49648 

Note ber 

0 18624 

0 48641 

Dooonber 

0 18620 

0 43644 

Means 

0 18609 

0 43f53 


T it le VIII —Magi ot c I U at on AV solute Observations 
i din o ith 01 bu v tory 1898 


Mo th 


January 1 
10 
28 


Februo j 8 
21 
20 


Mar oh 10 
19 
29 


Apr l 7 
18 
10 
20 
28 


May 


Jons 


10 

>1 

29 


1 


Mean 


60 616 
8 64 3 
66 52 8 


f 5) 


60 <)2 6 
00 65 0 
(6 62 4 
66 68 9 


re 68 0 

06 65 9 
06 52 ’ 


06 52 5 
66 62 4 
66 62 2 
66 68 8 
00 6 1 r 
06 8 2 2 


66 61 6 


61 5 
66 51 4 
66 61 7 


66 61 6 


Month 


October 14 
21 
29 


November 11 
19 
29 


December 10 
21 
81 




re ro r 

ro 60 5 
6b 60 5 


66 60 6 


60 61 2 
66 60 6 
66 61 0 


60 60 9 


66 61 6 
66 61 0 
66 68 9 


66 62 5 


66 60 7 
66 51 6 
6 6 68 8 
60 61 7 


66 60 8 
66 60 1 
66 60 6 


66 60 6 
66 49 9 
66 49 4 
66 60 1 



lit {tort of Magnetical Ohserv itions at I almouth Obsoivatory 
for the Ycai 1899 latitude 'O 0 9 0 N longitude 
0 4 Yt W height 1G7 ft ft above moan sta li vol 

The Declination uid the Horizontal Force are deduced from houily 
readings of the photographic curves and so are coirectul for the 
diurnal variation 

The results in the following tables Aos I II III IY are deduced 
from the magnttogi iph curves which havo been standardised by 
observations of deflection uid vibration lhcso wero nude with the 
Collimatoi Magnet mirked 66a and the Declinometer Magnet maikod 
66 c, in the Unifilir Mignctometer No 66 by Flliott Brotheis of 
London Iht tempoiaturo coriection (which is probably very small) 
has not been applied 

In fable V II is the mom of the absolute values observed during 
the month (goner illy throe in numbei) uncorrected for diurnal vana 
turns and foi any disturlMiice V is the mean of the products of the 
tangent of Dip and II 

In Table VI the Incbnatiou is the moan of the absolute obsei vations, 
the mean time of which is 1 m The Inclination was observed with 
the Inclinomoter No 86 by Dnvei of Chailton Kent ind needles 1 
md 2, which aie 1} inches in length 

The Docbnation and the Horizontal lorcc values given in fables I to 
IV aie prepared m accordance with the suggestions made in tho Fifth 
lieport of the Committee of tho Bntish Associ ition on comparing and 
reducing magnetic observations, and tho time given is Greenwich Mean 
limo, which is 20 minutes 18 seconds earlici than local time 

The following is a list of the days duiing the yoir 1899 which were 
selected by the Astronomer Royal as suitable for the determination of 
the magnetic diurnal v inations, and which have been employed in the 
preparation of the magnetic tables — 


January 

1, 7, 10 13 27 

iel tu uy 

4, 5, 7, 8,18 

March 

4, 0, 26 27, 30 

Apul 

13, 15, 16, 21, 22 

May 

U 14 24 25 29 

Juno 

6 , 7, 17, 25 26 

July 

15, 17, 22, 28, 29 

August 

12, 16, 18, 19, 23 

September 

5, 6, 7, 14, 20 

October 

2, 3, 10, 20 29 

November 

2, 10, 16, 20, 27 

December 

6 , 11, 14, 15, 24 


EDWARD KITTO, 

Mujndv Obserwr 



Ihjiort of Magrutititl Ofarrmtioai at 


Tiklili' 1 lloiuly Menus uf LHjtlmatum nt the Fulmoutli 
on Five selected quiet lMys in 


2 3 4 5 I « 7 B 1 1 ' 10 11 

I I 

Winter 


1899. ' ' ' ’ I ' * ' ' ' ' 

Jin .. 35-0 35 G | 36 3 35-6 35 4 35 2 35*1 35 0 34-0 I 35 2 36 8 30 6 

Fell 35 9 30-2 86 8 86 1 30 8 3tt-4 80 3 86 3 36 5 1 36 9 38 0 38 It 

Mireb 32 -8, 32 -G 32 -3 32 1 ' :*2 *J! 32 5 32 4 32 8 31 8 31 1 31-5 34 4 

Oct . 81-0| 31-1 I 81 1 810 30D 90 8 30 0 30 0 29 2 29-0 30-0 319 

Not. 20 9 30-7 30-8 30 8 30 7 30 5 30-3 29 9 29 8 20'2 i 301 310 

Doe . 80 0 30-1 30 2 80 1 30 4 30 4 30‘2 30-0 30 0 30-1 30 5 31 2 

Meantj 32-4 32-7 32-7 32 s J2 7 a* « 32 3 , 32-3 32-0 31'9 32 7 34 1 


Hummer 


April . 33-1 33 7 38-1. 33 6 33 4 33 0 | 32 6 31 6 30 2 30 2 31 6 34 2 

May ,| 31-6 31 7 31-3 31 5 31 1 80 1 28 8 27 0 27 3 28-3 , 30 5 88-3 

June.. 32 7 82 8 32 5 82-4 32 1 80 8 1 29 3 28 8 28 6 28 6 30 (I 830 

July ..i 32 2 31 7 31-7 31 6 31 2 30 6 29 6 29 6 28 9 29 4 31 1 30 0 

August. 31 B 31 8 31 9 31 8 31-6 30 9 30 3 29 3 28-6 29 7,82 -2 35-0 

Sept 128-7 28 7 29 2 28 8 28-5 28-3 27 6 26 3 25-9 26 3 | 28 6 3(3 

Metnt 31-7 31 7 31-7 31 6 31 3 30 6 20 7 28-9 | 28 2 28 7 30-8 33 3 


134 


(18" + West) 
Hour* Mid. 1 
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Observatory deteraui ed from tho Magi etograph Ou vea 
each Month luni g 1899 



Dechnatioi us de 1 icod from Tal le I 

Hood j 1 j 2 j 8 4 | 6 | f j 7 j 8 | 9 10 11 Md 

S mmornoan 

+8 8 j + 6 0 j + B 1 |+4 1 | + 2 4 j +1 1 J+0 S j -0 1 j-0 8 j-0 9-0 4 j-0 6 |-0 6 

W tor m a 

+3 8 j+1 9 | + 2 5 +1 6 1 + 0 7 +0 2 -0 1 j 0 8 j-0 6 L<> 7 |-0 7 | 0 8 j -0 8 

AnniuQ mei 

♦ l * + 4*0 +8 8 +1 8 +1 8 +07 +0 1 -0 2 -0 4 -0 6 -0 6 1-0 7 1-0 7 
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Report of Magnetvxd Observations at 


Table III —Hourly Means 


0 1800 + (0 QS unit*) 


Hour* I Mid I 1 I 2 I 3 I 4 I 6 


I the Homont&l Force at Falmouth 
Five selected quiet Days in 


#w 1 fi6 r » m 647 645 646 
653 653 662 640 616 646 
657 660 665 647 640 637 
670 668 663 667 649 648 
677 675 671 666 862 i 858 
683 682 681 I 679 677 I 676 


April 661 | 662 

HiV . (HI 668 

Judo 667 665 

July 667 666 

Aug 672 670 


681 662 660 661 

666 065 666 663 

665 663 662 604 


660 658 654 645 638 681 

660 052 643 | 636 I 634 636 


6o9 | Ou3 I 646 648 642 


Table IV —Dium vl Inequality of the Falmouth 


+ 0000S |+ 00006 + 00004 + 00001 + 00001 + OOCCt - 00001 - 00006 - 00011!- 00018 - 


D - ooooi — oooor oooooU 00001+ 00001 + rooo4,+ 


AobmI; 










Falmouth Observatory for the Tear 1899, 


1$7 


Observatory, determined from the Magnetograph Curves on 
each Month during the year 1899 



Noon 

1 

* 

a 

4 

5 

6 

7 

8 

0 

10 | 

11 

Mid 







Win tor 








640 

663 

662 

648 

645 

647 

650 

650 

650 

649 

649 

648 

647 


846 

840 

662 

651 

649 

649 

651 

654 

656 

656 

656 

665 

657 


641 

640 

654 

665 

606 

656 

656 

659 

658 

6 >6 

656 

657 

668 


648 

664 

667 

ti62 

661 

«'« 

664 

671 

671 

671 

672 

669 

669 


661 

666 

669 

672 

675 

676 

67b 

676 

675 

b74 

673 

672 

672 


677 

678 

67B 

678 

679 

681 

6W 

b82 

682 

682 

685 

081 

682 


664 

6G8 

660 

661 

661 

663 

664 

665 

665 

685 

665 

664 

664 








ummer 








632 

630 

660 

668 

660 

1 664 

688 

663 

666 

666 

664 

664 

665 


648 

657 

668 

666 

665 

666 

671 

674 

676 

674 

672 

670 

670 


646 

649 

654 

662 

b66 

609 

673 

677 

677 

676 

673 

671 

870 


610 

663 

661 

665 

665 

668 

669 

674 

676 

b74 

674 

671 

670 


640 

667 

664 

666 

669 

670 

677 

680 

680 

679 

677 

677 

676 


660 

670 

67b 

681 

682 

0N4 

684 

b87 

685 

083 

683 

684 

682 


648 

664 

661 

666 

| 668 

670 

673 

676 

| 677 

675 

074 

678 

672 


Horizontal Force as deduced from Table III 


| Soon | 1 J ! | 1 | 4 | 1 | « | 7 | 8 

» | 10 | U | «4 

| hummer 

- ooonj- oooioj— ooooij+ oooos|+ 00004J+ oecoe 1 ooon|+ won|+ 00 it| 

Winter me in 

- oooo*|- 00004J- 00003J- 00001 - 0000l|+ 0000l| + 0000! + 0000*j+ COCO* 

+ oeou|+ eooio|+ oooo*j+ oooo* 

+ oooo*l+ ooooi|+ ooooa|+ 00000 

| Aamutl mno 

|- « 0 «j- M 00 r|- 0000 t|+ 0000 l|+ 0000 l|+ oooo*j + 0000 * 1 + oooc*j+ 00001 

+ 0000r|+ 0000*1+ oooo«|+ -ooto* 
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Tablo V —Magnetic Intensity Absolute Observations 

Falmouth Obseivatory, 1899 



OlHi 

uoMiiro 

1898 

H or 

Vor 


lloniontal force 

Vertioal force 

January 

0 18636 

0 43568 

February 

0 18645 

0 43548 

March 

0 18G31 

0 43543 

May 

0 18142 

( 44 ( » 

0 18640 

0 41>3) 


0 18633 

0 43474 

Tuly 

0 18656 

0 41515 


0 18662 

0 43525 


0 186 >4 

0 43572 

October 

0 18666 

0 43198 


0 18660 

0 48548 

Doc* ruber 

0 18656 

0 48545 

Mesne 

0 18647 

0 43631 [ 


Tible VI —Magnetic Intimation Absolute ObBeivitions 
Falmouth Observatory, 1899 


Month 

Moan 

Month 

Mean 

January 16 . 

6 b 40 5 

July 8 

66 48 4 

23 

fib 51 0 

21 

66 46 0 

31 

66 50 0 

2 ) 

66 47 8 


<6 60 2 


66 47 7 

February 10 

66 48 6 

Anguit 10 

66 47 8 

18 

66 49 3 

£2 

66 49 1 

27 

66 50 1 

29 

66 46 1 


ffi 4) 3 


66 47 5 

March 10 

66 50 7 

September 9 

66 48 8 

24 

66 61 3 

23 

66 48 6 

80 

66 48 9 

80 

66 60 8 


60 50 1 


66 49 4 

April 7 

66 48 9 

OotobeT 11 

66 47 0 

14 

66 47 9 

21 

66 46 9 


66 48 4 

31 

(6 47 6 




th 47 2 

May 2 

66 49 8 

November 11 

66 48 9 

8 

66 49 1 

20 

66 48 1 

17 

06 50 3 

29 

66 48*0 

27 

66 48 8 


66 48 8 


66 40 4 



June 8 

66 48 4 

December 11 

66 48 6 

10 

66 47 4 

19 

86 48 4 

29 

66 48 2 

29 

66 48 6 


| 68 484 


68 484 
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Data for the Problt m c t Fvt lution in Man V <">n tho Cor 
relation between Durition of Life and the Number of 
Offspnng liy Miss M Bhton G IT uf in 1 Kahi 
Pfvhson FRS Univeisitv Colltgc 1 ondon Leccivecl 
A] ril 19—Rtil him 14 1100 

1 According to the £)uwiinm thcoiy of solution tho membeis of 
a community loss fitted to then cn\ ironmont are romo\ed bj death 
But this process of natni vl selection would not jinm inently modify a 
rice if tho racmlcrs thus lemovcd were allt hefoic dcith to pto 
pigitc then species in iveiago numliers It then 1 cronies an important 
question to is ertam how fir dtu ition f life is rilated to feitdity In 
the cise of miny insects death can interfere onlv with their binglc 
chance of < Hspring they live oi not f( i their >no bn edmg season 
only * V similar statement holla 1 with regard to annual ind 
bionm d pi nits In sue h cases then might still 1 e i correl ition l>etw een 
duration of lifo and futility l ut it would be of tho indiiect chai actor 
which we ictually find in the case of nun and women living beyond 
sixty yens of ig( a long life me ms Ixttoi physipic, and bettei 
physi pie inc roasod fei tility On tho othei h md there is a direct 
correl ition of fertility and duiation «f life in the cise of those animals 
which generally siuuve i munliei of hue bn^ se is nib md it is this 
correl ition which wo hul at first in view when investigating the 
influence of durition of lifo on fertility in mm I he discovery of the 
indirect factor in tho correlation lef tted to ilou win therefore a 
point of much interest Foi it scciub to show th it the physique fittest 
to suivno is redly the physiquo which is in itself (md independently 
of the duration of life) most fecund 
In continuing our study of tho lnhetituuo of longevity t it occurred 
to us that it would be possible at tho aimo time at, extracting data for 
duration of life to extract data bearing on the sue of tho family 
Accordingly Miss M Boeton in working ujxin f imdy histones mado 
records of this additional character Momwhdc Mr G U Yule, who 
had been independently at work on this very point drew my attention 
again to the matter in connection with i passage in tho Grammar of 
Science J 'We igrood to unite our materiil and the result is tho 
following joint paper ^ 

• Of courts longer life may denote greater chan (f male or female meeting 
female or male but in this cate we hare not a qw tutted futility tho individual 
la or la not oneo fertile 

+ • Boy Soe Proo vol 65 p 200 
$ Second edition p 445 

| Vto have alto to very heartily thank M> L N kilo HA and Mr K 
Treader tor aid in the calculation! and in the pr pamiion of diagiumi 
VOL. LXVII N 
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2. The data dealt with in this paper consist of four series, the first 
three collected and reduced by Miss M. Boeton, and the fourth series 
by Mr. G. U. Yule. The sources from which they were extracted are 
the following: — 


MotluI*. fsiHjth of Life owl Siu of Fuunhj. 

Seiifs I —Taken from the ‘Whitney Family, of Connecticut,’ a well- 
known history of an American Quaker family. In order to complete 
a thousand and moro entries some very few additions weie made from 
the ‘Backhouse Family,’ (ho history of an English north-country 
Quaker family. This senes may lie taken to sulmtantially represent 
American women more or less closely connected with one strain of 
blood, either by inheritance or by marriage. 

As soon os these results were tabled it was noticed that tho average 
age at death of mothers was immensely below tho average age at death 
of Englishwomen Further, tho maximum frequency of deaths which 
occurs at 35 to 40 was actually greater than tho maximum which 
occurs between 70 to 70 1 Either then American women of this clast, 
die very early, or the women of the Whitnoy family suffer under some 
hereditary taint, i.g ., phthisis. 

Sines II, - -Taken from purely English Quaker records. The data for 
this series were diawn from a groat variety of histories and records 
most kindly placed at oiu disposal by Mr. Isaac Sharp, Secretary of the 
Society of Friends, and by the Secretary of the well known insurance 
office, the Friends’ Provident Association, l»oth of whom we desire to 
cordially thank for their aid. The object hero was to avoid tho selec¬ 
tion which may unconsciously lie made when tho data are drawn from 
the records of a single family.* In those two series, as in the third 
series, wo selected tho records of tho Society of Friends Ikj cause— 

(«.) They appear to las the most trustworthy and complete of the 
family histories available. 

(6.) Tho uges at death of the women are givon; these are rarely 
recorded in other genealogical works. 

(<-.) The artificial limitation of fertility seems to lie less probable 
in a strongly religious community bko the Friends than 
in other classes of the population. 

In this series the mean age at death, the modal age, and other con¬ 
stants are quite fairly in accord with what wc know of the population 
at large. 


* Of course s “ family " history like that of the Whitney family, profearing to 
deal with all the descendants of a single pair, really contains an im m e n se additio n 
through marriage of qther strains. 
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Father*. Length of Life nml Size nf Family. 

Seiie ■. TIL —The great hulk of the dutu was extracted from the 
American Whitney Family Here the features noted for the women 
wore again observed in the men, but to a much less marked degree. 
There was a rather high maximum frequency of death at 43,* hut not 
so high as the maximum at 73, and the avorage ago at death was some¬ 
what lower than we find foi the general English population. On the 
whole the senes is a very good one 
.SV/ks IF —Extracted from Burke’s ‘Landed (tentry.’ It has lieen 
stated elsewheret that this is a good class for such data. It possesses 
a higher average fertility than the Peerage, anti is a class in which 
there is prolmbly comparatively little artificial rustnetion. Unfortu¬ 
nately it offers no material for the age at death of women. 

3. The following are the chief results obtained from the reduction of 
these sci ies - 

1 —Table of (ieneial 1 Jesuits 


»««»> !'“ u 


m-gn tihlnm 


Life SO I Life SO 



In this table the unit for tho standard deviation of the ago at death 
is 3 years, tho unit of tho grouping in the accompanying tables. ThuB 
age at death of mothers 35 gives tho frequency of all the group of 
mothers dying between 32 5 and 37'5. Of course the age at death of 
curtain parents would lie exactly on tho boundary of a group, but such 
exact information k very rarely forthcoming, and when it is in a few 
cuses forthcoming, »>., the day of loth liirth and death is given, it is 
very improbable that tho ago of death exactly bisects the year. Thus 
no fractionising was found noccssaiy in the first three tables. In the 
* Landed Gentry,’ owing to the nature of the record, Mr. Yule found 
a small amount of fractionising necessary, and this appears m the table 
for Series IV. In the regression coefficients above tabulated 5 years is 
again the unit, and the coefficient of regression is tho constant by which 

* Tho exiitenoe of a modal value about 45 baa been already notod la the 
resolution of the mortality curve i it u the mode of the middle age mortality 
eomponeat, See 1 Phil. Traaa.,’ A, vol. 180, p. 403, and Rat# 16. 
t ‘ Phil. Trani,' A, voL 198, p. 857. 

if 3 
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the deviation in the age at death from the mean age at death, measured 
m 5-year units, must Ikj multiplied in order to ohtftin the proliable 
deviation of the family from the moan family. 

11 Table of Regression Formula* or Curves. 

// — Size of Family, ■> — Duration of I,ifc 

St /w*s /. .t inn mm Mutlui''. 

(n) For all lives Straight line 

// = 0-8211+0083,472/ Origin of < 

(A) Foi lives of 50years and under. Stiaight line * at birth and 
//- 1*9881 + 0*163,3334 unit of / one 

(/) For lives of 30 years and over. Straight Imo • J 0ftl 

il - 3*3531 + 0 044,748r 

(it) For nil lives Cubical paialmla Origin of ji at 55 yoais and 
unit -- 5 years 

il - (1*0208 + 0-328,47 0 - 0 035,056»-' + 0 003,000. 1 

St UK II. English Mathn* 

(a) Fot all lit us. Stiuight line 

// - 3*17hl + 0*043,811)/ Origin of / 

(A) For lives of 50 years and under Stiaight line: at bn th and 

i/ j= -0 0222 + 0*140,68 b unit of / one 

(/) For lives of 50 years and over. Stiaight line • y eitr - 

//- 4*9341+0*018,810.> 

(it) For all lives. Cubical parabola. Origin of / at 57*3 years and 
unit - 5 years: 

H - 6 > 1092 + 0079,120a-0052,719» s +0005,717»’. 

Snns III. Amnunn Filthily 

(a) For all lives. Straight liuo: 

>1 “ - 0-0819+ 0-103,644/ Origin of / 

(A) For lives of 50 years and under. Straight lino: at birth and 
i/ - -2-6766+0-168,277/ ' unit of ./ one 

(r) For lives of 50 years and over. Straight line: year. 

V - 3-3976 + 0-043,726.1 

(tf) For all lives. Cubical parabola Origin of / at 55 years and 
unit - 5 years: 

g = 5-8187 + 0-363,122/ - 0*047,438**+0-003,035,r\ 
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Data foi thi Piobluii of Looluluw ut 1 Inn 
Sen IF hwfh h luthn 

(it) "For all lives Sti light lino 

// 1 4877 + 0 04 t.fiOOe 

(h) 1 01 lives of 50 vc trs ind umler Stmight lm« 

! ioo6i+oiih'<oo 

() 1 oi Inof >0 yens ind ovn Sti n^ht line 
/ 4 6717-t 0 014 400 

( I) lot all lives Lulled puiboli Oii„m of 
unit r i veus 

/ ) i07h 011340) 0 0(1 940 +000(0(6 

Hie u nst tilth oi tile sti u„ht Inn k toi ill th<hi sines hive licen 
ioiiuil it ilice l») litting tin lest ti u„ht line to the oWiv itions t 
lv using tin u^iessi uioiinuli 

/ nu in / i(ill) lent oi ii n Kssi hi (11 r )x( nu m ) * 

l he uhi il p u i1n> 1 u> h ivo 1 een littc l by thi method oi moments f 

lho wholi of this system of ftimilli his 1 een plotted and is 
(\hihited giaphnillv in the u<om]Hii)mg diigi mis (pp 17C 179) 

Ihcso di igi mis suthce to„ive the cntuogi iphic il solution of this piob 
lom to m ex ictness sulheient foi most pi u tu il pm pose s \ cai eful ex 
.unui ition oi these di igr ims will tn ible the uadci to follow oiu genei d 
conclnsions even moie tloaily thm uisjie turn of tin algibnu formulx 

i < itnal (in lustm (i ) The legieshiou sti night line fot ill Inch, 
in, does not gne a satibf ictoiy picture of the ulitioii lietvveon age it 
doath of i puent and the ivet ige minibci of ofispimg We bee at 
once thit it is too steep at the licginning mil not steep enough it the 
end of life Vctotdmgly stilting from >0 \eus as the sensible limit 
to woman s child beatuig pcuod the mothers were broken up into two 
groups, md the l egression linos eihulited Rep u ately foi lives of 
50 years md undci and foi lives of 50 ycais and over In this way 
quite a i disenable fit w is obtain< <1 to thi oliRcivations Foi con 
vemcnio, the age of 50 was also taken ih i dividing age foi fathers 
In ill fom cues the regression line n fot paieuts living beyond 
50 yeaia shows a quite sensible deviation from the peipendicular, 
oi feildihi tt iululated vttli bmuntil ant uftn lltr fnuwl jietuxl v> 
JMHVlt 

li we take Amencin motheis there is no doubt of this mrleasing 

* See Yule ‘ Boy Soc Proc toI CO p 477 

f T have shown in a memoir not >et pubbehed (a) how to fit all type* of 
ourrea, bat pamoalarly parabola* of any order by the method of moment*, Mid 
(4) that euch method give* remit* practically of the tune order of exaotneee ae 
t4aae giten by the method of lea*t »qn*ree—k P 


Oiigm of 
it birth and 
unit of t one 
yoai 

it 00 v ears and 
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fertility oven up to 90 years of age With English mothois it is less 
marked, lmt appears to lie quite tiue up to 75 years. Beyond 75 
there Appears to lie a slight decrease Turning to the two senes for 
fathers wo see that wo might possibly have 1 tetter taken 60 than 50 as 
a di\ kling ago, for the general trend of the observations is much the 
same up to 60 yoais After this tlieie is still it sensible trend in the 
American results, so that aged fathers are again the most fertile. 
With the English fathers this relation is, as in the case of English 
mothers, far less marked, although it is sensible if we take fathers 
above 50 years 

Thus I think wc might sum up: That the peculiar physique in both 
men and women which leads to longevity is also associated with 
greater fecundity. Of two women who lwth live beyond 50 yoars, 
the longer lived is likely to have had before 50 the largoi family. 
The association is, however, much greatei for American than 
English parents, although the American jwrents dealt with are, in 
the great majority of cases, of Anglo-Saxon race. Climate, mode 
of life, generally selection and environment, seem to 1* differentiating 
in this respect the English mid the Anglo-Amoriran The English 
Friends, wo should suppose, would lie a class very comparable with 
the American Friends, yet their average life is longer, their fertility 
greater, and there is loss association lietw'ocn longevity and fecun¬ 
dity In both eases our algebraical formula* show that American 
meu and women are more alike, and English men and womun aie 
more alike than the women to the women or the men to the men of 
the two races This is the more remarkable, as the English Friends 
as a class are by no means identical with the Landed Gentry. 

(ii) In order to represent the tonhiumi chango m the regiossion, 
which cannot Ihj done by two straight lines, which only onahlo us to 
distinguish the fecund and non fecund periods of life, tho statistics 
were fitted with cubical paraliolaa. Tho regression line at uny age in 
life may then bo lookod upon as tho tangent to the cubical parabola at 
that age. An inspection of Diagrams 3, 4, 7, 8 shows what an excel¬ 
lent expression such parabolas are for these statistics. 

For American mothers and fathors we see dy/dr consistently positive 
throughout life, anil we have a most excellent graphical demonstration 
of tho physical characters which tend to longevity lieing also associated 
with fecundity. In tho English fathers the some feature appears in a 
much less marked degree; there is a point of inflexion in the curve, 
although dy/ilx remains positive. Up to about 75, however, the 
number of offspring continues to increase with duration of life, and 
when we break off at 95, the curve has got a renewed outward trend. 
With English mothers, however, the curvo has a small but sensible 
trend inwards in old ago. For fifteen years after the climacteric 
increased life connotes larger family, t.e., shows fecundity associated 
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with the physique poculiar to longevity, hut beyond 63, as judged by 
the parabola, longevity is slightly unfavourable to fecundity.* 

The following are the values of the regression coefficients obtained 
by differentiating the cubical parabola and ref on mg to buth os origin 
and a year us unit 


Table III.—Regression Coefficients showing their Change with 
Durution of Info. 


I Scrip* Old metbod, line 


I 0 0833 

II 0 0438 

III 0-1036 

IV U 0448 


Cubital parabola 


0 437,741-0 010,7240*+ 0-000,0720** | 
0 -711,040 - 0-019,9053s+ 0 -000,1872** I 
0-501,098-0-011,8074« + 0 000,0728*’ 

0 540,143 — 0 *018,8260* + 0 000,0878** 


By simply substituting the number of years of life r, we can find the 
4 .due of tho regression at any ago. 

5 Illu'Jrahmu of thrv Jlfxulh (i ) What is tho piobablo family of 
an English mother dying at 40 * 

(a) gives 4-‘J3, (A) 5-00, and (<l) 5*24, all of which might equally well 
have Ikhjh read off on tho diagrams The actually olwerved 
number is considerably in excess of all thi-BC, i.e. f C 23. In 
fact, if an English mothor li\us to 40 years, Bhn will, on the 
avorago, hate \ery neaily completed her family For an 
Amuncuu woman («) gives 4-16, (6) 4 54, and ((/) 4 64. But if 
she lives another ten or twenty yeais she will piobably have 
a family ot 5 or c\on 6. 

(ii.) Comparo the strength of the relationship liotween duration of 
life and sire of family for American fathers dying at 40 and 70 
lospectively. 

We find the slope of tho cubical paraliola at the points corresponding 
to 40 and 70 years to bo 0-1459 and 0 - 0249 respectively. The mean 
regression for the whole of life is 0-1056; for the first fifty years 
0*1683, and for tho last fifty 0-0437 (see Table 1, and reduce to year as 
unit). It thus appears that tho influence of mere number of years as 

* It ha* b*«n inggnted that thii it due to the nature of the record, there being 
a tendency to enter only the children who iurrire their parent*. Thu* the longer 
th* latter lire the fewer would be the offjpring entered. In other word*, we 
should be under-ettunating the correlation between fertility and longevity. But 
the Quaker birth-record* inelude all children, and their lyttom 1* uniform, There 
does not appear any reaeon on thi* ground for Bngllth and American return* 
differing *o *en*ibly. 
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compared with the physique which tends to longevity lias an effect 
on fertility of about 5 or 6 to 1. 

(in.) WciHRuinn has suggested that it may be an advantage to a species 
that its duration of life should lie shortened. This is not, fi prwn, con¬ 
firmed for the ease of nun in the American senes. the longer the 
parents livo the greater the number of their offspnng. But if we ran 
lay any stress on the bend-m for the English mothers, and on the 
similar blit less marked tendency foi the English fathers, we might 
argue that icpiodiutive selection was possibly m England working 
against extreme longevity, although favouring pai ents In ing till 6b or 
70 Indeed those who rush rapidly to brilliant but not over-stable 
< (inclusions might emphasise Weismanu’s news by showing how m an 
old community, with much gieater pressure on tho matonol resources, 
there is a tendency to reduce the feitility of the long-lived parents, 
while m a new community, with plenty of food and occupation for all, 
the longest-lived parents uio tho most fertile' Howovcr, all that we 
can safely say is that there is a marked difference lietwcen English ami 
American pirents, mid that this distinguishing clmr.ictoiiRtie is almost 
\oqually visible if we take opposite sexes of such diverse classes as English 
jErlends and English country gentlemen. We would leave to further 
^investigations its tmo interpretation. 

, 0 Admitting a substantial correlation between length of hfo and 

fertility, it is of groat interest to investigate what effect, other things 
being equal,* reproductiv c selection would have in modifying the 
duration of life. 

iTio following tablo gives tho mean length of hfo of parents taken 
singly ami of parents weighted with their offspring •— 


Tablo IV.—Mean Duration of Life of Parents in Yoars 


Sene. 

Unweighted j 
parent. 

Weighted 

p»n'nU. 

Vrogrcwion 

1 

53 -202 1 

59-920 

6*628 

II 

01-1H3 1 

ft!-839 

2-066 

ITI 

68 086 

63 -082 

4-996 

IV 

1 

03 -577 

OS -610 

1-980 


Now these are substantial differences even in the case of the English 
parents (II and IV), but they are very large differences in the case of the 
American parents (I and III). If we suppose no assortative mating on 
the basis of characters tending towards longevity, then it is easy to 

• Omitting, for example, the effect of saturnl ejection aa evidenced pooibly in 
a greater death-rate in large families, 4c. 
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obtain a rough approximation to the effect of reproductive selection in 
modifying the duration of life. It has boon shown* that if there be no 
assortative mating the average deviation, /i|, of an array of offspiing 
from the mean of the general population of offering due to parents 
deviating h, and A, from the moans of the general populations of 
parents is given by 

/i ( - < ij' 1 "' l*i +1]t' r| A», 

<r_. ir) 

w hole >u and > 13 aro coeflicionU of parental inheritance, and <r„ ir,, tr A , the 
standard deviations in offspring and parent* for the character m ques¬ 
tion When that character is longevity our data are not yet complete, 
but two of us have shown that the value of r^T\j<r, for father and son, 
1 < , the regression coefficient for inheritance of duration of life, is about 
01682,t it the sons die having lived at loast 21 years. Wo have not 
yet completed our data for the inheritance of the duration of life m 
the case (i) of minors, oi (u) in the case of the femalo line, although 
wo have noaily reached the requisite amount ot material. Hence the 
following statements must lie taken as tentative and suggestive only. 
We will assume 0 , 1C82 to be the rcgiession coefficient foi both sexes, 
and for all uqc* of iht offtjjnug, mmi s oi miiilb. In this case if m, be 
the moan of the unweightod and m, of the woighted fathers, ini' of tho 
unweighted and wj of tho weighted motheis, we should expect an 
increased duration of life in the offspring duo to reproductive selec¬ 
tion of 

/<i 0 1682 (oij - mi) + 0 1682 (mj - in/) 

^ 0-1682 ( G-62 8 M-99 6 ) l foJthoAm „ 

» 1*9551 J 

:J.;? 14 CJ,666 + I 900) }^the English 

Thus the increased duration of life would be about 2 years per 
generation from tho American data, ami aliout 9 to 9-5 months per 
generation from the English data. 

The result for the American sones shows us how an especially low 
expectation of life, due possibly in this case to some family character,} 
will bo rapidly raised by reproductive selection, if there lie no opposing 

* ‘Phil. Tnmi,’ A, vol. 187, p 288 

t ‘Boy. Boo. Proorol. 66, p. 297. The Landed Gantry would appear to 
be doeer then the Peerage to our present material. 

1 It i« by no means certain that this is the true view of the ease. We have 
teen that the American women hare their maximum mortality in early middle- 
life, and only a secondary maximum at 70. The maximum mortality of the table 
prepared by J. P., F.B.S., for the years 1728-67 (‘ A Collection of the Yearly 
Bills of Mortality from 1667 to 1768 Inclusive,’ London, 176®} occurs about 41 
year*, and there is no evidanoe of a maximum at 70 at ail. Thus the American 
data appear to resemble London data of two centuries bach. 
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factor of evolution Iho Hnglisli losults on the othoi hand shou m t 
small but sensible tendency in repioductne selection to prolong the 
duration of life Allowing three generations to a tontuiy no might 
expect tho dilution of life ti lie 1 used diout 2 years in a contiuv 
by this factor of ev olution 

In making this statement uc uc suppcsing that pitents are not i 
shert lived aeleitwu out < f tin gcucnl a lull population lheie 
seems no reason why they should lie indue hive some stitistics to 
shou the} ue not Thus lot the Peonge and 1 nuled (Tentrj ue 
have shou n th it for f ithers and sons In lug 20 or 2 j y ears and upw uda 
the age at death < f the father is sulibt intially gieater than tint of the 
son* lurthei ftomdatifni the Society of Hi lends Miss Beetonhis 
found the n erago ago it di ith of u c men in got ti il to be f>0 811 and 
the iverage ig< of mothirs it doith t> bo 59 791 sensibly tho same 
In the table foi 1 871 to 1880 gn tn by tho Itogisti u (general tho expect» 
tion of life of uomon in geneial it 20 y oars < f igo is given as 41 66 ye us 
c r tho at erage duiation of life is 61 66 j eai s I his is only voi y slightly 
greater thin out avoiaget foi I nghsh mothets alw\e ir 61 181 and 
substantially loss tlian oui i\oi ige for motlieis weighted uith thou 
oftspi ing * e , 63 082 > o u s Again tho gem r il population of males of 20 
had (1871 80ioturns) m ivoiage life of 64 48 years which is not com 
paiable uith our Landed Gentrys sons s ir living 20 with an average 
life of 60 916 y chi s but with that of then f ithei s »c , 65 96 ye irs We 
do not think theiefoie that pmintage in putieulai maternity cone 
spends to any shortening in the expettati >n of life J hus ropi oduc tive 
selection appenrs to liidicite i real nicieiHo in the expectation of life 
Such an nitreased expectation of life is mildly considered to have tome 
into existence dining oui century ouuig to bettor samtiry conditions, 
greatei cure of the sick and invalided Ac Ac Its exact estimation is a 
matter of some difficulty \\ o find If G P Noison $ working on tho 
Kegutru General s returns liefore 1841 gnos (Table D, p 8) expecta 
tions of lifo ftom 10 yeais onuaids If or males of 20 and 25 his mean 
durations of life aie 60 69 and 62 35, foi fumalos of 20 and 25 61 60 and 
61 36 respectively These aio not sulwtantnally less than the Registrar 
Generals returns for 1881 to 1890 which gives males 60 27 and 61 28, 
females 62 42 and 6150 respectively In fact, the males show reduc 
tion If ue stick to the Kegistiar Generals returns is given foi three 
different pounds, and presumably more comparable uith eich other 
than with keisons uoik, ue have tho following results — 

• 'Roy Soo Pros toI 8i p 807 

t Th* average age it death ot mother! muil in our ewe oloeely giro the expects 
twn of life of women of 80, for there are few marriage* below 80 and we hare u 
onr tables included all casts of itenla unions 

$ Contribution* to Vital Statistic*/ London 1840 
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Ml 111 I 41 8.1 
39 48 10 ‘211 

36 12 37 04 


41 30 | 44 62 | 43 60 i 47 18 

39 40 I 41-66 \ 40 27 ; 42 42 

35 08 37-98 36 28 1 38-50 


IIeic there i-. an mu eased expectation at bnth for males, hut teiy 
small increases between the first anti last periods at 20 and 25. For 
females there is an immense increase at birth and sensible increase in 
the othci tabes. Possibly a good deal of this may la* due to more 
exact returns for the ages of women being now obtainable 

If we take the earliest Table of the reliabilities of Life, that 
deduced b) J P., F.K.8., for the bills of mortality m London for 1728 
to 1757, and printed in the work cited on eolumn 5, wo find the number 
of deaths of 1000 pel sons born given for each year of life, male and 
female being eomluned. According to the Kcgistiar-OeneraTs returns 
tor 1881-90 of 1000 persons liorii, 728 survivo to 20 and 709 to 25, 
but from .1 P.’s table only 485 sur\i\o to 20 and 448 to 25 This 
tremendous moitality of infancy ami youth was probably largely a 
‘.electtie death-rate IVo find acrorduigly the exportation of life at 
birth to lie only 25 59 years; at 20, houover, to be 19’56 years ; and at 
25 to lie 51-30 yean.* Those losults are for London, not for 
England in general, but making all possiblo allowances for the 
difference lietwoen city and country, they suggest a most stringent 
selection. An increased expectation of life at birth of anything 
like 25 years in less than two centuries could not lie achieved even 
at the American tato of two years per generation. Nor is it possible 
that tho whole of the increase in tho Registrar-General's returns for 
expectation of life at birth for tho poriods 1838-54 and 1881-90—an 
increase of somewhcio about four to five yoars—could lie duo to repro¬ 
ductive selection, luiless we suppose tho correlation between age at 
death of minors and of their parents to be considerably greater than 
0-1682. On the other hand, if we confined our attention to adults of 20 
to 25 of both sexes, wo have, roughly, an increase of about a year in 
the expectation of life, and this result with nine months per generation 
could easily have been reached within the two-generation period in 

* We do not know how J. P.’s table was deduced, but we got the above- 
results by averaging the years lived by tboso surviving at any age out of the 1006 
bon. 
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question. Generally, wo may conclude th.it the data are not very 
suitable for real purposes of comparison, hut that there is nothing in 
them opposed to the suggestion that a sensible part of the increased 
duration of life oi this century may be due to the inheritance oi 
longevity and the (oircliition ol longevity with fertility Further 
determination of the inlieiKimec of duration of life in tho case of 
minors may help to throw additional light on the matter 

7. Tho following method of illustiatmg the influence of longevity on 
fcitility may servo to inipiess the matter on the rnuler — 

In Series I the longer-lived moiety of tho mothers produce Gf 0 pci 
cent, of the thildien, and the shorter-lived moiety 36 0 per cent 

In Senes III tho longei lived moiety of tho lathers prodiuo G1 1 jiei 
cent, of the children, and the shorter lived moiety 38 9 per cont 

In Series II the longer lived moiety of the mothers produce B5‘2 jier 
cent of the cluldioii, and the shoiter-hved moiety 44 8 per <ont. 

In Senes TV the longei-lived moiety of the fatliois produce 53*5 per 
cent of the children, and the shorter-lived moiety 46 5 per <cut 

Thus, while the results are nil veiy sensible, those for the American 
parents are markedly so. In lx>th American and English statistics the 
influence of longevity on the feitihty ot tho mother is greater thun its 
influence on tho father 

8 I'owhuhm/ Itrnunks .—A somewhat widespread view of evolution 
stojib at the survival of tho fitter without discussing the mode whereby 
tho less fit leave no, or fewer, offspring than the fit Of course, if the 
unfit are exterminated before adult life, theie is no chance of their 
reproducing themselves. It has been shown in tho second paper of this 
senes that a selective death-rate docs exist for adults, so that the whole 
work of selection does not take place before the reproductive stage is 
roachod. But Miss Booton’s data foi tho correlation of duration of life 
in tho ease of brethren dying as minors seem to show that tho selective 
death-rate for children is rather loss than greater than its value for 
adults.'* Hence, for the reduction or extermination of sUx k luisiuted 
to its environment, we should have to look largely to selection in the 
adult state. In the present paper wo have mode what wo believe to bo 
the first quantitative determination of how a selective mortality reduces 
the numlwrs of tho offspring of the less fit relatively to the fitter. In 
the case of life under wold conditions, the cui relation between fertility 
and power of surviving would probably be far greater. But for such 
life it is almost impossible to get statistics of this nature; we are thrown 

* Tlie matter i» stall under investigation, so that this conclusion is stated snbjoot 
to modification. Of course, the selective death-rate among children may largely 
remove those not from inKrrUtd constitution, but by physical or physiolo¬ 
gical accident. These our method of investigation would throw into the non- 
selective death-rate. 
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liaok upon measuring the efloct in man, and thus obtaimng what may 
well be considered as a minimum value of the influence under dis¬ 
cussion 

In the course of our investigations we have seen that the relationship 
Ixitween fertility and duration of life does not coase with the feuuid 
]>eiiod. Wo thus reach the important result that characters which 
build up a constitution fittest to survive are also characters which 
encourago its fertility. This result is of great value from the standpoint 
of the diffeientiation of type, whcie it is absolutely necessary that the 
fittest to survive should also be the most fertile * On the other hand, 
we note that duration of lifo is a character capable of modification by 
reproductive selection, and wc suggest that a considerable pai t of the 
increased expectation of lifo olwei vert in recent years may lie due to 
this cause In tho case of the Amouean statistics, wo see at onto how 
it can repl.vce a remarkably shoi t-ln ed stock by a longer lived stock, the 
bulk of tho offspring coming from tho longci lived momltcrs. 


* The Grammar of Science,’ weond edition, pp. 448 -8. 
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“ On the Effects of Changes of Temperature on the Elasticities and 
Internal Viscosity of Metal Wires” By Anhuew Giuy, 
LL1), FllS, Piofessor of Natural Philosophy in the Uni¬ 
versity of Glasgow, and Vincent J. Blyth, Mi, and James 
S. DuNLor, M.A, BSc., Honldswmth lieseaich Students in 
the University of Glasgow. Received May 24,—Head June 
21, 1900. 

At the outsot the objort of this investigation was to determine the 
variation, pi educed by rise of temperature, in the iigidity-modulus 
and in the Young’s modulus of wires of different metals, but the olwor- 
vations made for this purposo yielded what seemed to us interesting 
information as to the viscosity of the substances examined, and led to 
an extension of tho rescan h. Heretofore but littlo attention seems 
toh.no boon paid to alteration of rigidity with temperature, though 
several lesults, of apiiaiontly very different degrees of value, are 
available for Young’s modulus The oarliest of those are pioliahly 
those of Weithcim’s expei imonts,* but on account ol tho smallness of 
the quantities oliservod it is not possiblo to rogard them as even neai Iy 
correct. 

Experiments were made about 1870 by F Kohlrausch and F E. 
Loomis.f After referring to the difficulties attending tho method 
adopted by Wcrthoim, they remark • “All those difficulties disappear, 
however, and at tho samo tirqe tho most accurate method of obsorva- 
tion is obtained, by employing foi investigation tho toi sion elasticity, 
whoso choice is further to lie recommondcd from the fai t that torsion 
is so generally employed in measurements If a wire is loaded with a 
weight and set in vibration about its vcitical axis, the reciprocal value 
of the square of the time of vibration affords a direct measure for the 
coefficient of the torsion of the wiro Since olwervations of tho period 
of vibration are among tho most accurate known in physics, the varia¬ 
tions of elasticity may lie thus determined with all the rigour de¬ 
sirable.” 

The authors soem here to indicate that the investigation of torsional 
elasticity would yield information to lie compared with that obtained 
by Werthcim for Young’s modulus, and this impression is confirmed 
by the remark which occurs later, that tho results obtained “show no 
trace at all of the remarkahlo phenomenon of a maximum, alluded to 
at the boginning of this article, which would seem to lie indicated for 
iron by the investigations of Werthoim.” The Young’s modulus is an 
essentially composite one, involving both the rigidity-modulus and tho 

* 'Annals* do Chimie sV de Pbyiique,' tome 12,1844. 
t • Pogg. Ann ,’ bd. 141,1870, or • Amsr. Jo«. Scl.,’ voL 60,1870. 
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bulk-modulus, and it is impossible, except on strict experimental evi¬ 
dence, which has not so fur been forthcoming, to suppose that there is 
any invariable numerical tolation between tho two latter moduli. 
Werthoim, it may be remarked, imagined that ho had found evidence 
of an ini reuse of tho Young’s modulus from 0 V to 100 C. and a 
diminution from 100 C. to 200“ C. This icsult is negativod, as 
Messrs. Kohliauwh and Loomis notice, by tho fact that if “two 
tuning forks are in vibration, and ono of them is heated, the number 
of vibrations changes in tho manner demanded by tho assumption of a 
decrease of olastn lty for increasing temperatures.” 

It was found by Messrs Macleod .uul Clarke,* in an experiment on 
the change of frequency of n tuning folk produced by alteration of 
tempciuture, that the jienod was increased by tho fraction 11 x 10’ 6 
for one degree of rise of tcmpciaturo The amount of this change due 
to exjiunsion w.is voty small m comparison wiLh that duo to diminu¬ 
tion of tho Young’s modulus. For tho linear expansion of steel is 
about l - 2 x 10 6 pei degree, and as tho peuud of a fork is altered in 
tho dnoct ratio of the squiue roots of its coriosponding linear dimen¬ 
sions liefore and after the expansion, if theie is no ch.mgo of modulus, 
the period was augmented by tho expansion, by the fi action 0'G x 10 -6 
for oach degree use of temperature. Hence the increase of period duo 
to diminution of tho Young’s modulus was at tout KM x 10 r ‘ for each 
dogroo riso of tempeiature. Anil as the poiuxl is inversely as the 
squuro loot of tho Young’s modulus, the fractional diminution of the 
Young’s modidus must ha\e been twice this amount or 20 8 x 10 -6 for 
each degree rise of tomporature It will lx? soon below that the 
change of Young’s modulus for mild steel is, according to our experi¬ 
ments, a diminution of aliont tho same amount, though no doubt the 
change may l>o very ditteient for different specimens of material. 

In tho ‘ Plulosophical Magazino’ for Juno, 1890, Mr. G. A. Shake- 
spear has described an application of an interference method to the 
investigation of Young’s modulus for wires, anil has given values of 
the tempei atui o changes found by measurements made in this way. 
Thus it was found that the final value of tho Young’s modulus was for 
copper, iron, steel, and hard brass lower at tho highor tomporature 
than that at tho lower temperature by tho respective percentages 3 6, 
1*6, 3’2, and 3. Also it was noticod that ropoatod heating and cooling 
of the specimen seemed to produce an augmentation of tho tempera¬ 
ture-change of tho modulus, the material apparently settling down to a 
steady state. 

Tho method adopted by Mr. Shakespoar was to elongate the speci¬ 
men of wire (which was in each case about 28 cm. long and 0‘75 mm. 
in diameter) by applying a weight of about 2 kilos. The elongation 
changed the difference of path of two rays from the same Bource, and 
•Phil. Tr*n».,’ vol. 171, Put 1,1880. 
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so produced a chaugc in the number of interference bands, which 


measured the ictardation of c 
elongation whs thus measured 
which passed aeioss the field of vi 



ray relatively to the other. The 
the number of interference bands 
w of the observing apparatus. The 
woight liemg kept hanging on the 
wire, the temperature was alter- 
- nately raised and lowered a nnm- 
lmr of times until the nuinbei of 
bands measuring the change l>e- 
tamc approximately constant. 

It was noticed that the first 
heating produced a diminution in 
the numhei of bands measuimg 
the elongation, and the succeeding 
heatings an increase which finally 
settled down to a constant value. 

In our experiments the method 
adopted was entirely different. 
The specimens were wires of radius 
vary mg from about 0 036 cm. to 
0 06 cm ,aud each had a length of 
about 5 metres. The exact dimen¬ 
sions are given in the tables of 
lesults below, Tho experimental 
airangemont followed m tho caso 
ot each wire was practically tho 
same. 

The wire was hung vertically in 
tho laboratory from a plate at the 
t op screwed firmly to the lower side 
of a wooden lieam in the ceiling. 
The upper end was secured by 
liemg passed through a hole in the 
plate and firmly soldered at the 
Iwck. The wire passed along the 
axis of a double-wallod tube or 
jacket (fig. 1), consisting of two 
coaxial cylinders of tin-plate of 
diameters 3-5 cm. and 5 cm. re¬ 


spectively. The upper and lower 
ends of the jacket wore closed by corks, through which the wire 
looeely passed. A scale-pan weighing about 4 lbs. was hung on the 
lower end of the wire to receive weights for the stretching experi¬ 
ments, and served when no other weight was applied to keep the wire 
taut 
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bteon was generated undei atmospheue pressure m in oidmaiy 
boiler uid was ltd into tbe uppei end of tin space by w h it is called 
in tho dngi im the siui epipe while whit rein lined nncondonsod 
esc iped l y tho snik pipt 1 elow It w is found th it the spate in 
which the wut kun n was thus heitod t< i fully miifoim tompoi ituie 
ihis temperature ww dttei mined ly mi huh of fom therm i electnc 
couples of ttpper mil Orem uisihcr tlu 111 ingcmcnt of which is shown 
infig 2 \ ( irmnn silu wile pissis il< „tlu ixidspa i cl sc tithe 


Fis 2 



wire under test, and four coppei wire* are soldered to it at in ten als as 
shown These copper wires are led out along the axial space in which 
the wire hangs Junction (1) is 25 cm from the top of the jacket, 
junction (2) 160 cm. lower down, junction (3) 180 cm still lower, and 
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junction (4) 25 cm above the lower end of the jacket. An arrange¬ 
ment of mercury cups enables any of the thermal junctions to bo 
brought into the circuit of the galvanometer and the cold junction. 
Care is of couise taken to ensure that the wires leading from the junc¬ 
tions to the galvanometer aio never in contact with the inner wall of 
the heating jacket oi with the wiro. 

Each thermoelectric couple befoio use, anil from time to time after¬ 
wards, was carefully calibrated in tho usual way by compaiison with 
thermometers placod with the junctions in water, tho temporature 
of which could he ronvoniontly altered through tho range ovor which 
the experiments extended. The insults wore expressed in curves flora 
which tho temporatiues ot tho junctions wore obtained in the experi¬ 
ments. The sensitiveness ot the galvanometer was such as to give 
aliont eight divisions defloctioii per dogree of difference of temporature. 
This arrangement woikod satisfactorily; but in future experiments it 
will probably lie replaced by a platinum thermometei. 


Ihh nmnutim s nf Ymnufs Mmhilus. 

Experiments woic made for each wne, first as to the variation of 
Young’s modulus with tempei ature, next as to the variation of the 
rigidity modulus with temperature, and, in connection with this latter 
determination in each case, of the rate of dying out at the different 
temperatures of torsional oscillations The rosults of the last-men¬ 
tioned obser\ ations aro, we think, very interesting, but wo give here 
in tho first place the information obtained with icgard to Young’s 
modulus. 

A scale-pan, weighing alxmt 4 Hh., was attached to the wiro and 
loaded to such an extent as not to produce gradual increase of length 
of the wire. A small reading-microscope, with a convenient scale in 
its eyo-piece, was rigidly mounted on a heavily loaded table testing on 
tho solid stone floor of the laboratory, and was focussed on the point of 
a very fine needlo soldered to tho wire just liolow tho lower end of the 
heater. The needle was set so as to be as noaily as possible at the 
proper end of the scale to give a displacement along the scale when the 
weight was romovod from the wire A similar arrangement at the 
upper end served to determine tho amount by which tho support 
yielded with different loads. This microscope was suppoited on a 
horizontal board firmly attached to two massive roof-girders at a 
distance from tho beam to which the wire was suspended. 

Enough Of the load was then removed to cause the noodle to traverse 
nearly the whole length of the scale, and tho readings of the top and 
Itottom microscopes were observed. A series of readings for weights 
on and off were first taken at the ordinary temperature of the room, 
and again alter steam had been blown for tome time through the heat- 
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ing jacket. The temperature of the internal apace was observed lieforo 
and after each series of readings, and in most cases also while the series 
of operations was in progress. 

Tho distance) Irotwoen the needles was measured at tho lower tem- 
peraturo, tho distance at tho higher temperature was obtained with 
sufficient accuracy from tho difference of temperature and the result of 
a determination specially made of tho coefficient of linear expansion 
of the wire. This coefficient was determined during tho heating of the 
wiie, and, as the change of length was beyond tho lango of tho micro¬ 
scope scale, a scale was fixed behind tho lower noodle, and tho increase 
of length read off on it by moans of a toloBCope. Tho radius of the 
wire was determined after tho wiro was finally taken down by means 
of a micrometer from twenty readings taken at different points by oaeh 
of two observers. 

In two cases (wires II and III) tho radius was determinod by careful 
weighing of tho wiro in air and in water, mid tho icsidts so obtained, 
properly coirectcd, agiood with those got by tho nuuomotor method to 
within 1 , ff per cont 

Experiments wore made for tho following wires: -1, German silver; 
II, mild steel, III, brass, IV, copper (commercial) ; V, copper (hard 
drawn electrolytic), VI, soft iron. At fiist everything did not work 
quito smoothly, the airangemont of the microscopes requiied a little 
adjustment, and the determinations of moduli for I were somewhat 
doubtful in point of accuracy, and for IT wore ceitainly in error. The 
apparatus was, however, got into thorough order lieforo the experi¬ 
ments on III weie liegun, and thoso on II were thereafter repeated. 
Tho following is tho table of results for Young’s modulus, in which is 
included the value obtained for German silver, notwithstanding the 
doubt as to its correctness, and tho later value for mild stool, since 
there were good grounds for rejecting that obtained at first. Tho radii 
given in column VI wore calculated for tho higher temperatures from 
the expansions ohsorved The results of three soparato determinations 
are given for the wiro of soft iron (VI). Each elongation was obtained 
from the mean of about ten separato observations, agreeing to 1 ms than 
OO of a microscope division. The elongations wore obtained in micro¬ 
scope divisions, the valuo of which was 0 005948 cm. 

Tho difference between the second and thud values of tho coefficient 
of diminution for soft iron and the first of tho three values, depends 
upon 0'2 of a microscope division. The degree of accuracy to which 
the deflections could he read was to 0*1 of a division. The lower 
value, 0*000136, is probably more nearly correct than the higher, 
0000187. 

Comparing the results with those obtained by Mr. Sh&kespear, re¬ 
duced for comparison, we have for steel 0000247 as against his 
000088, for brass 0000378 as against 0 000352, for copper (electro- 



18b Viot A Giaj.Mi V J Hljlh, aud Mi J S Dunlop 



\ 408 113 






On the Effects of Changes of Temperature on Metal Wires. 187 


Coefficients of Diminution of Young's Modulus with Tempemture. 


Wire 

Modulu- 

1 

i Difference 
Differrme 1 of 

teinperut ure 

Coefficient of 
diminution 
of modulus 
per unit per 
drum. C 

T 

1-3046 

0 0315 

60 6 

0 000307 

II . 

2 127W 1 

0-0310 

61 8 

0-000247 

IIT 

1 0257 1 

0 -0287 70 8 

0-000873 

IV . 

1 1132 

0 0120 

71 9 

0 000166 

V . 

r («) ... 

1-2061 

1 -545 

0 0410 1 

0*0238 

73-7 

78 3 

0 000436 
0*000107 

VI \ (41 . 

1 co ... 

1 567S i 

1 653(1 

0 -0165 , 73 O 

0 0108 77 8 

0-000186 

0-000136 


ytic) 0 0001.1C as against 0-000414 for “<i specimen of copper,” and 
or soft iron 0 000106 as against 0-000157, so that there is fair agree 
nent. 

The difference lietweon the coefficients for commercial copper (which 
was ordinaly copper wne of the kind used hy liell-hnngeis)and electro¬ 
lytic copper is very gi oat, hut it is not moro striking than 1 he difference 
lietween the electric conductivities of tho two materials 

It was thought desirable to make a senes of determinations for soft 
iron with tho view of finding whether any progressive change duo to 
alternate and repeated heating ami cooling disrloeed itself as in Mr. 
Shakespear’s experiments. Nothing of tho nature of change of sign 
(see Mr. Shakeepear’s paper) was olworvod, though there was some in¬ 
dication of a diminution of the coefficient. 


Experiments on the lligiditi / Modulus, tmd Observations on the fntei mil 
Viscosity of the JViles. 

Experiments wore made on each wire, as has boen stated above, to 
determine the chango of rigidity produced by the alteration of tem¬ 
perature. These experiments were mado by the torsional oscillation 
method. Cylindrical vibrators were attached to the wires such that 
the moment of inertia of the vibrating Bystem was practically that of 
the cylinder only j and observations were made for each wire with two 
separate vibrators of differout weights, except in the cases of German 
silver and steel, for which ono vibrator only was used, and electrolytio 
copper, for which four vibrators wore used. 

The length of wire used was, with the vibrator attached, about 
505 cm. in each case. The lengths and radii at the different tempera¬ 
tures were calculated from the expansions as in the Young’s modulus 
experiments. The results of the experiments are given in the following 






188 I’rof. A. Gray, Mi. V. J Blyth, and Mr J S. Dunlop 


Wn-o. 


1 German »ilvcr. 

II Mild itoel . 

III B»m. 

IV Copper, commercial. 

V Copper, bard drawn, elec¬ 
trolytic 

VI Soft non .. 


I Weight 

I ribiator 


IS 7 
18 7 
' 12 7 
. 8 1 
' 12 7 
[ 18 7 
f 12 7 
18 7 
24 7 
f I2'0 
| 18 0 
1. 24 0 


27 19 
27 c.i 
36 71 
AO 12 
60 2‘» 
60 71 


20 81 
21 07 
25 61 
21 98 
10 50 
17 20 

20 25 

21 83 

23 23 

24 6 


Modular in 
| Temp. I 10“ dyne# 


I 


per eq cm 


7 3 *4266 

3 3 3033 

0 7 0648 

2 7 7701 

4 3 6619 

7 8 4913 

I | 3 4066 

0 A 3214 

3 4 4822 

4 I 4 3549 

1 1 4 3440 

0 4 2230 

0 4 2106 

7 3 0402 

5 4 1908 

1 3 7602 

8 4 1064 

8 8 7206 

6 8*2865 

8 8 0125 

0 8 0910 

*8 7 7601 

0 8 3800 

1 7 0003 


The following table shows the coefficient of diminution of thongidity 
modulus os deduced from the i osulte gn en m tho last table.— 


Wire 


VI. 



C ocfllcient of diminu* 
turn ot rigidity per 
unit per degree C 


0*000528 


0 000247 
0 000392 
0 000418 
0 00111 
0 00149 
0 OOlbO 
0 00041 
0 00064 
0 00087 


With reapeot to this table, it i* to bo observed that the result* for 
•oft iron and bra** agree fairly with tho#e obtained by Kohlrausoh 
and Loomis for those metals, which were coefficients of diyiinntfnn 
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0*000447 and 0*000428 respectively. The result given above for com¬ 
mercial copper agrees also moderately well with that obtained by these 
experimenters, vis., 0*000520. But here, as indeed in all the substances 
examined, the differences in results are not surprising, in view of the 
probable difference of composition of the specimens. 

The great excess of the coefficient in the case of hard-drawn pure 
copper above the value for commercial copper is very noteworthy. It 
will be interesting to examine, as we propose to do immediately, the 
behaviour of copper wire soft drawn as well as hard, and to trace the 
effect, if any, of icpcntod heating and cooling. 

It was noticed that the rate of dying out of tho torsional oscillations 
was veiy different at tho different tcmfieratures, tieing, except in one 
ease, that of Gorman silver, very much more rapid at the highor tem¬ 
perature than at the lower. This is undoubtedly tho effect of a con¬ 
siderable increase of the mteilul viscosity of the wire with rise of 
temperature, for no practical difference existed m tho immediate sur¬ 
roundings of tho vibrator, which of course was the part mainly affected 
by the nir m the vibrations. Tho top of tho cylindrical vibrator in 
each case was alxiut 8 cm. below tho lower end of tho heater, and tho 
length of tho cylinders, which wore of brass, varied from 7 to 13 cm. 
There was no appreciable change of the air-temperature at the vibrator 
produced by tho heater. 

This difference in tho rates of sulisidonce of the torsional oscillations 
seems to us very remarkable, and, so far as wo know, has not been 
observed before. It is shown in the diagranw numbored 1— VI. 

[jVofe added June 20, 1900.—The change m rate of subsidence pro¬ 
duced by alteration of temperature had, we have sinco found, been 
observed by Streintz and by Pisati (‘Pogg. Ann.,’ 153, 1874, and 
‘ Gazzotta Chimica Italiana,’ 1876, 1877, hIbo ‘Sitzungsb. d. Wien. 
Akad.,’ lxxx, Abth. 2, 1879). In the first and last papers here cited, 
Streintz gives an account of his own work and of that of Pisati, 
principally as bearing on the effect which ho called “ Accommodation.” 
In certain wires, e.g., stool, copper, silver, brass, and platinum, 
examined by Btreintz and Pisati, a marked diminution of rate of 
subsidence was produced by keeping the wire for a considerable 
time in continued torsional oscillation. This is contrary to results 
obtained by Lord Kelvin at an earlior date, 1864-5 (Art “Elasticity,” 
' Collected Papers,’ vol. III). 

Siaoe learning of the investigations here referred to, we have begun 
to extend our experiments to the question of “ fatigue of elasticity,” 
and have found that the rate of subsidence appears to be, in some 
eases at least, a function of the temperature and of the amplitude of 
vibration. It seems possible thus to reconcile the discordance of re* 
suits thus referred to, and we hope to make a communication on the 
subject at an early date.] 
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In each cmvc the ibscisste aie amplitudes of vibration in degrees 
and the oidmates which ui di iwn downwards in each case, are the 
numbers of swings that have lieen completed fiom tho mst uit at which 
the omphtulc was 80 the hugest amplitule of swing used in the 
obstrv itions of peno Is, 1 he ternpci aturos ire m irke 1 on each diagram 
toi the severd t lives C uvos (1) ar l (2) f dngi im (I) represent 
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the obsenations mule in Gum in sihot it tho lowei and higher tem 
peratiues respectively Btated in the diagram It will lie seen that the 
late of dying out of the amplitude is distinctly foster it the lower than 
at tho higher tempciature Ihc iovoiso was found to be very 
markedly the (Mae in all the other wires examined 

In mill stool at 17 G the oscillation as shown by the cuncs of 
diagram II has fallen from 80 to about 55 in 20 periods, while at 
89 4 C the amplitude has fallen to 40 in the same time After 60 
periods tho amplitudes were respectively 25 end 13 The loganth 
mio decrement is practically constant during the subsidence at the 
lower temperature At the higher temperatuie tho logarithmic decre¬ 
ment diminishes m the ratio of about 75 to 60 
In brass, for which the diffluent vibrators weighing 3 4 lb* and IS 7 
lbs respectively were employed, the rate of subsidence was determined 


Chi the Effect* of Change* of Temperature on Metal Wires. 191 

at the two temperatures (16*1° C. and 87* C., and 15-4° C. and 
87*7° C), firBt with the lighter vibrator, then with the hoavier. 

Diagram II. 



Curves (1) and (2) of diagram III give the the first two seta of results, 
(3) and (4) the second. It will be seen that the subsidence with the 
heavier vibrator was more rapid at each temperature than with the 
lighter vibrator. The logarithmic decrements aro practically constant 
throughout each of the two curves. 

A question arises here, which further experiments are being made to 
answer for the different wires, as to the effect of repeated heatings and 
coolings on the rate of dying out at any one temperature t Some 
effects of this kind appear to be visible in tho results obtained for one 
or two of the other wires experimented on. 

Three pairs of curves are given in diagram IY(a) for commercial 
oopper, and were obtained with a 3'4 lb., a 12*7 lb., and an 18*7 lb. 
vibrator respectively, and in this order. Here it will be seen that the 
rate of subsidence is greater with each vibrator in the order of its 
weight; that is, the larger weight in each case corresponds to a 
greater rate of subsidence, whether the temperature be the higher 
Olr lower of those used in the experiments. Also the rate of sub* 
vouucvn. p 
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sidenoe is in each case greater at the higher temperature than at the 
lower. 

It was observed by Lord Kelvin that increase of period as well as 
increase of stretching force affected the rate of subsidence, these 
effects being opposite. The effect of increase of stretching force 
increased the rate of subsidence. The effects of increased mass of 
vibrator given here are therefore mainly those due to increase of 
pull in the wire. We are, however, arranging to altor the period 
without altering the pull, and to altor the pull without changing the 
period, by using suitable vibrators. 

There is one characteristic of these curves for commercial copper 
which was shown also in the case of soft iron, but which does not 
appear in the other experimental rosults. The falling off of amplitude 
goes on very quickly in curves (3) and (4), and (5) and (6) in such a 
way that the curves ate almost straight lines, until the amplitude has 
come down to only some 3 or 4 degrees, and then the subsidence 
becomes comparatively slow. The curves for the 3 lb. vibrator show 
at the low temperature a logarithmic decrement increasing in the 
ratio 27 to 60 as the amplitude falls from 80° to 24°. At the higher 
tomperaturo the logarithmic decrement is practically constant. 

Diashak IV(S) 



Diagram IY(4) shows subsidence at four temperatures which, taken 
n the order in which the experiments wero made, were 102°, 5ri°, 
53*3°, 78'4° 0. In this diagram 150 divisions of abscissa represent 34°. 

Diagram V(a) gives the rates of subsidence for pure electrolytic 
copper at temperatures 23-2’ and 92T with the 3 lb. vibrator. Here 
there ia no sign of the change of character of the curves of subsidence 
it low amplitudes which has just been noticed. The curve of subsi- 
fence at the higher temperature is indeed nearly an exponential 
sum at all amplitudes less than 20°. 'The curve for the lower tem¬ 
perature shows a logarithmic decrement at first somewhat quickly, 

P 2 
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diminishing then more slowly. The initial and final values are in the 
ratio of 73 to 44. 

Diagrams \(h), V(c), V(d) an the cutvob of subsidence at two tem¬ 
peratures—for the 12*7 lb. vibrator, the 18*7 lb vibrator, and the 24*7 lb. 
vibrator respectively. It will be observed that the curves of sub¬ 
sidence are nearly alike in the two sets V(fc) and V(e), only a very 
slight difference in the direction of faster subsidence with the heavier 
vibrator lieing visible. The curves of subsidence at the higher tem¬ 
perature with the 24 7 lb. vibrator show distinctly more rapid sub¬ 
sidence at the loner temperature than in any of the other throe cases. 

Diagram VI shows the curves of subsidence for soft iron. Curves (1) 
and (2) were obtained with tho 12*7 lb. vibrator; the former curve 
gives tho subsidence at the lower tomperaturo, the latter at tho higher 
temperature stated in tho diagram. It will bo obseivcd that the rate 
of subsidence at the highor tempciature is very much greater than at 
tho lower. Theso two sots of oxperimonts were made in direct suc¬ 
cession to one another on May 15. 

Noxt, on May 16, two sets of experiments at temperatures 1B°*6 and 
93°*8 C. were made with tho 1«*7 lb. vibrator. 'The results of these 
arc shown m cur\os (3) and (4). Between these curves there is a 
much smaller difference than between (1) and (2), though the temperar 
tnros were very nearly tho same. 

The high-temperature experiments were repeated on Iwth days with 
reproduction of practically the same curve. 

After twenty-four hours nearly had elapsed the experiments at the 
lower temperature wore repeated with tho same vibrator, when the rate 
of sulwidonce was found to be much slower at 13° 5 C, than it had 
boen on the previous day at 15°*6 C. 

On May 18 two curves (5) and (6) were obtained with tho 24*7 lb. 
vibrator at tho respective temperatures 16° C. and 95 0, 1 C. Curve 
(6) does not differ very widely from the curve (4) obtained on May 16 
with the 18 7 lb. vibrator; but the curve at tho lower temperature 
lies much to tho Hght of that (3) obtained on May 16 at the lower 
temperature, tho companion curve of (4). 

All tho results in curves (3 )-r(6) show rates of subsidence lying 
between those shown in (1) and (2). Curve (1) is approximately 
exponential. It will be observed also that curves (2) and (4) show 
the somewhat rapid change of direction when the amplitudes have 
become small to which attention is directed above in connection 
with commercial copper. Curve (6), however, obtained at 95*1* C. 
with the 24*7 lb. vibrator, shows no such change of direction; but a 
considerable part of its curve, after the amplitude has been reduced 
to about 10* C., is approximately exponential in character. All the 
curves except (1) and (4'), however, show very marked diminutkm of 
rate of subsidence st the lower amplitudes. It seems certain that 
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Diaskax VI —Soft iron 



the Buccesmvu operatims have hul a consuioralle effect on the 
behaviour of tho wire and oxpeiimonta aro liemg niideto elucidate 
thu effect aa far as possible 

Some other points of interest whioh weie obsutel in these oxpen 
ments ire reserved for furthei investigation in i contmuation oi the 
woik now in progress 


On the ( onnoction between the h lectncal Properties and the 
Chemical Composition of Diffeient Kinds of Glass Part II * 
By Piofebsor Andrew Gray ILT) bits and Professor 
Jamfs J Doiibib MA D Sc Received May 25—Read 
June 21 1900 

In a former paper* wo described experiments on the electrical 
qualities of specimens of glass of which the chemical composition was 
determined by analysis Results were given for a lead potash glass 
made by Messrs Powell and Sons, of London, a lead potash glass made 
by Messrs Schott and Co, of Jena, a barium glass, and * zinc-soda 
glass (“Jena glass”), both made by Messrs Schott and Co ^hese 

• ‘Hoy. tot. PmVo *90, April 90,1898 



198 Profs. A. Gray and J. J. Dobbie. 

specimens are referred to in the paper by the numbers XXI— 
XXIV. 

We have now to communicate tho results of some further experi¬ 
ments, the object of which was to throw light on various points which 
had arisen in connection with the previous experiments, and to afford 
information as to whether the resistance or capacity of the glass was 
uffocted by the process of annoaling, or varied with time. Tho speci¬ 
mens here referred to are numbered XXV—XXXII, and were all 
made, as nearly as possible, according to a previously prescribed com¬ 
position, and in the form of flasks, with long thick-walled necks, 
adaptod for experiments by tho direct-deflection mothod formerly 
employed. Full particulars of the different specimens aro given m 
Table I lielow. 

Tho method of experimenting and tho method employed were the 
same as those described in our former paper. Tho chief sources of 
error which had to be guarded against wore, as before, surface conduc¬ 
tion, duo to moisture on the Biu-face of the glass, and leakage at other 
parts of the apparatus, due to tho want of perfect insulation. The 
most careful watch was kept thioughont the experiments against the 
possibility of inaccuracy from these causes, and tests were made in 
connection with each determination to make sure that everything was 
working correctly. 

The Fesuinnce Experiments. 

Only a few days liefor© the meeting of the Royal Society at which 
the paper referred to above was read, a rough test was made of the 
resistance of a flask (XXVTI below) made for us by Messrs. Powell 
and Sons, which had approximately the same composition as Specimen 
XXI, the potash, however, being replaced by soda. It will be seen by 
a reference to our former table of rosults, that XXI was a lead-potash 
glass of very high specific resistance, certainly above 16000 x 10 10 at 
180* C. It was anticipated from our experiments that the substitution 
of sodA for the potash in this glass would very greatly diminish the 
specific resistance, and it was stated when the paper was read that 
this conclusion had been verified. More accurate determinations made 
since that tirao have confirmed this result, as will be seen by a com¬ 
parison of Table I with the table given in the former paper. While 
XXI had the resistance at about 130* C. quoted above, tho spedflo 
resistance of XXVII at about the same temperature was only 136 x 
10 l °j so that the substitution of soda for potash in tho composition of 
the glass diminishes the resistance of the glass to of its former 
amount. 

The influence of the substitution of soda for potash is still more 
clearly brought out by a comparison of XXIX with XXXI, and XX* 
with XXXIL Specimens XXIX and XXX are lead-potash fllissni. 
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XXX and XXXII lead-soda glasses, in which the amount of soda is 
nearly equivalent chemically to the potash in XXIX and XXX respec¬ 
tively. Reference to Table I will show that in both cases the potash 
glasses have vory much higher resistances than the Boda glasses. 

Both XXI and XXVII were load glasses; but in the previous paper 
a glass was discussed which was made by Messrs. Schott and Co., and 
was composed mainly of barium oxide and alumina in combination 
with silica and boron trioxide. This, which we shall call tho Jena 
barium glass, had a very high resistance, one quite unmeasurable, 
indeed, within the range of temperatures covered by the experiments. 
Moreover, it was found that the inductive capacity in a plate of this 
glass was exceedingly low, and that the glass showed little or no 
effects of dioleotric polarisation. 

It was thought that it might bo of interest to find whether tho high 
resistance of this glass was associated with the presence of the large 
percentage of barium oxide. Accordingly, further experiments have 
been made on flasks of barium-potush glass manufactured by Messrs. 
J’owell and Sons. This glass is numbered XXVIII of Table I. Its 
rosistanco is very low in comparison with that of either the lead-potash 
glass or tho Jena Imrium glass, which, however, it must bo remembered 
contamod no potash. It was found to bo subject to a somewhat rapid 
disintegration of its surface, and it probably differed in physical con. 
stitution from the Jena glass. The Jena glass, moreover, contains a 
considerable quantity of boron trioxide and alumina, which are absent 
from tho glass made by Messrs. Powell. Tho presence in glass, how- 
over, of a considerable percentage of potash with lead is, as shown by 
XXIX and XXX, consistent with a high specific resistance. 

It iB interesting also to compare XXVIII and XXVI, which contain 
approximately tho same percentage of barium and load oxides respec¬ 
tively, and are otherwise very similar. The lead glass, XXVI, contains 
soda, from which the barium glass, XXVIII, is free; but in spite of 
this, the resistance of XXVI is about three timoa that of XXVIII at 
the same temperature. 

Comparison with Ordinary Glass .—Experiments were next made to 
test how tho glasses of specially prescribed chemical composition, 
already experimented on, compared with the ordinary kinds of glass 
used in the construction of apparatus. A common lime glass, XXV, 
and common lead glass, XXVI, were examined. The resistances of 
both of these were low; that of XXV was low in comparison with the 
resistance of any other glass in the table.* As has been pointed out, 

* It may be notloed hew that the first experiments on ths electrical properties 
of s p o rim sns of glass, which wew afterwards subjected to chemical analysis, seem 
to bo those described in Mr. T.Gray’s paper, ‘Boy. 800. Pwe.,' ,oLM, p.'iW. 

analyse* of the specimens (which wew of glseece need tor different purposes in 
tho SiOs) wsrs mads with gwat car* by Prof ess o r Direr*, of Tokio. 
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however, the rosistanco of XXVI considerably oxceeded that of the 
barium glass, XXVITI. 

Effat of Annealing .—The last four specimens mentioned in Table I 
(XXIX—XXXII) wore experimented on to find tho effect of an¬ 
nealing on tho resistance of glass. It is well known that in most 
conductors, especially pure metals, the effect of annealing is to diminish 
the specific resistance. XXIX and XXX were specimens of Messrs. 
Powell’s lead-potash glass. Of these, XXIX and XXXI wore carefully 
annealed in the usual way by Messrs. Powell: XXX and XXXII wero 
left in the unannoaled state. 

The residts are given sido by side in Table I, and show that the 
effect of annealing glass is very greatly to incroase its specific resist¬ 
ance. In the case of XXX and XXXII, the lead-soda glasses, the 
specific resistance has been raised to three times its former value. 
Annoaled glass is therefore a much better insulator than unannealed 
glass. 

Variation of llemtance with Time .—The question of variation of 
resistance with time has been investigated by testing flasks, which had 
been set apart for tho purpose, at intervals of about six months. The 
results are shown in Table II. XXI, XXVII, and XXVIII havo had 
their resistances determined three times, and so far no change has dis¬ 
closed itsolf. As noticed above, the surface of tho glass XXVIII seems 
to bocome disintegrated in course of timo; for the surface, which was 
originally cleaned till quite clear, has gradually acquired a milky 
appearance, and is now quite opaque. 


The Capacity Experiment*. 

The specific inductivo capacity of the glass of those flasks was 
determined by the method described in our former paper, and tho 
results are shown in Table I. It will be seen that the spocifio inductive 
capacity of Powell’s lead-soda glass, XXVII, is rather low in com¬ 
parison with that of tho corresponding lead-potash glass, XXI, which 
was about 8. 

It is noteworthy, however, that the lead-soda glass was free from 
the dielectrio polarisation effects which were so troublesome in the case 
of XXI. Of the glasses discussed in the present paper, XXVI, one of 
the ordinary glasses experimented on, was the only one that showed 
dieleotric polarisation conspicuously. 

No trouble from dielectric polarisation was experienced with Nos. 
XXIX— XXXir, so that annealing does not cause any marked differ- 
cnoes in the “ electric absorption " of the glass. 
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Measurement of Resulml Tmst of Glass Fibres, 

The object of these experiments waa to compare fibres of the glasses, 
on which the electrical experiments already described had been carried 
out, as regards imperfection of thoir torsional elasticity. 

The figure shows a sketch of the apparatus used. A long cylm'lrical 
glass tube (<r), about 23 inches in length and 2 inches in diameter, waa 
fixed peimanently in a vertical position in a wooden frame, os indi¬ 
cated in the diagram. A tightly fitting cork closed the upper end of 
the tubo, and through a narrow slit in this passed a rectangular piece 
of coppor foil, from the conti o of the lower odge of which projected a 
short tag of the foil. This tag was quite rigid, and earned attached 
to it with shellac cement the glass filno, care being taken that the fibre 
was so placed that it hung vertically along the axis of the tube, when 
the cork was fixed in position. The lower end of the fibre was 
attached m a similar mannei to a cross-pioce, c, woighing about 
1 gramme, and having a length of about 1| inches. The fibre was 
attached to the upper end of the cross, and to the lower end was fixed 
a small mirror. 



The lower end of the glass tube fitted into a groove out in a wooden 
•ole-plate, capable of being rotated about a vertical axis, which 
coincided as nearly as possible with the axis of the tube, that is, with 
the position of the fibre. Two brass pins (6) were fixed vertically at 
two points in the sole-plate within the tube, and, projecting upwards, 
stood one on one side the other on the other side of the horizontal 
am ai the croee-piece. By turning the sole-plate round, any required 
twist could be given to the fibre, since the tube was held fast in its 
s up po rtin g frame. 

, A lamp and scale set in front of the mirror enabled the position of 
the lower end of ths fibre to be observed. 
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After fixing the fibre and allowing the arrangement to stand undis¬ 
turbed for a day or two to allow the cement to harden, the scale was 
placod in position with its ends at equal distances from the mirror. 
Tho zero position of the spot of light on the scale was obsorvod, and 
the sole-plate turned round to give a total tunnng of the lower ond of 
the fibre relatively to the upper of 360°. The couple was kept applied 
for thirty seconds, and then taken off gradually without any jerking 
of the fibre. This prevented torsional oscillation of tho fibre after the 
removal of the couple. In fifteen seconds after tho removal of the 
couple a reading of tho position of the spot of light was taken. From 
this the angular deflection of the lower end of the fibre was obtained, 
and the angle no measured, divided by the length of the fibre, gavo tho 
residual twist. 

Tho following table gives the results in radians per centimetre of 
the length of tho fibre x 10 4 . Tho diameter of the fibre was found 
by weighing a known length of it, and calculating from tho known 
density of the glass. 


. of specimen. 

Diameter in centimetres. 

Residual twist. 

XXI 

0-0109 

2-09 

XXII 

0-016 

184 

XXIII 

0-010 

0-93 

XXIV 

0-0105 

3-83 

XXV 

00115 

7-19 

XXVI 

0-015 

5-41 

XXVII 

0-0187 

2-44 

XXVIII 

00105 

5-52 

XXIX 

0-0142 

0-83 

XXX 

0-0183 

0-8 

XXXI 

0-0148 

1-9 

XXXII 

0-0191 

2-8 


The experiments on Specimens XXI—XXVII inclusive were made 
in June and July, 1898, and it was then thought that there ap¬ 
peared to be some connection between the resistances and the 
residual twist of the fibres. But since XXI to XXIU were glasses 
whose resistances were too high for measurement, it was of course 
impossible to draw any numerical conclusion on the point without 
examining more specimens. A very little reflection, however, showed 
that no exact comparison was possible from this point of view, as the 
residual torsion was no doubt influenced in a very marked degree by 
the immediate previous history of the fibre. But it is noteworthy 
that the residual twist is very low in the case of the Jena barium 
glass and in Messrs. Powell’s lead-potash glomes, via., in XXII?, 
XXIX, XXX , and is abnormally high for the two ordinary glasses, 
XXV, XXVI 
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It was found that for the same fibre tho same twisting couple pro¬ 
duced the same residual twist, provided the two determinations were 
not made in immodiato succession. The rate at which tho residual 
twist came out was very great immediately after the twisting couple 
had ttoen taken oft"; and this rate diminished rapidly as tho spot of 
light approached its zero position on the scale. 


Chemical Compontim of the S/tcnmms of Glass. 

Tho results of tho chomical analyses made for the different speci¬ 
mens are stated brielly in Tablo I, which affords a conspectus of all the 
results of the experiments now doscriliod. 

The following notes regarding the diffcient specimens, containing 
approximate empirical formula 1 for their composition, are, however, set 
down here. 

XXV. This is an ordinary lime glass. The alkalies woro not esti¬ 
mated separately, and no formula can therefore be given for it. 

XXVI. This is an ordinary load-alkali glass, containing consider¬ 
able quantities both of potash and soda. After deducting forric oxide, 
alumina, and manganese, its composition may bo represented by the 
empirical formula 

43SiO* 5rbO, 5NaA 3KA. 


Found. Calculated. 


SiOi. 

. 59-60 

60-18 

PbO. 

. 26-44 

2600 

NajO . 

. 7-44 

7-23 

KA> . 


687 


99-98 

99-98 


XXVII. This glass is composed of silica, load oxide, and sodium 
oxide, and is free from potassium. Allowing for the small amount of 
feme oxide and alumina which it contains, its composition may be 
expressed by the empirical formula 

lOSiOi, 3PbO, 3NaA 

Found. Calculated. 


SiO s . 40-87 41-24 

PbO . 48-33 46-98 

NajO. 13-80 12-78 


100 100 

XXV 111 This is a barium-potash glass, free from lead, and oom 
t wa f og only a very small amount of soda. After allowing for the 
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Table I. 





Dimensions. 

Resistance. 


Number 
of (pea- 

Description of 

Density. 

1 

d - thielness of bulb, 
i ■■ effectire turfaee. 
r » external radius. 

Temps- 

rntnre, 

oonli- 

grade. 

Specific resistance 
m ohm. x 10 w . 


XXV 


2-187 

i - 0 128 cm. 
i - 174 614 aq cm. 

j r - 3 -829 cm 

L40° 

116 

93 

72 

58 

0-202 

1 874 

1 11*001 
89*15 
631-05 


XXVI 

Lead gla>», with pot- 
nnh and soda 

2 0!) 

1 

i 

rf - 0 0G08 cm. 150* 

[ *- 188-19sq cm | 140 
r - 8 071 era. 1 130 

l 101 

NS 

1 « 

8-535 

18-64 

33 69 

1 442-70 

1050*50 
18034*0 

XXVII 

Lead -tod* glass 
msde by Msssrs 
Powell and 8on», 
Londou 

8-882 

l rf-0-092cm. 

| s-211-64 sq.cm, 
r - 4 226 on. 

1 

142 1 

118 

00 

186-5 

1 797-3 

6240-0* 

XXVIII 

Barium-potash glaw 
made by Mam 
Powell and Sons 

3-11 |d-«-127cm, 

| • -210-1 sq.cm. 

1 r - 1-J68 cm. 

138° 

125 

95 

77 

6-47 

10*01 

178 06 
1116*60 

XXIX 

' 

Lead -potash glass 
made by Messrs. 
Powell and Sons 
(annealed) 

3-41 

rf-O-ONflom. 
f - 293 -411 aq. cm. 
rm 4-422 cm. 


Resistance too high 
to measure. Cer¬ 
tainly shore 20000 
at 140° 

XXX 

Lead • potash glass 
made by Messrs. 
Powell and Sons 
(unannealed) 

3'34 

d m 0-006 cm. 

* «• 21) 386 sq.cm, 
r-4-2014 cm. 

142° 

1328*6 

Too high to mea¬ 
sure at lower tem¬ 
peratures 

XXXI 

Lead-soda glass 
made by Messrs 
Powell and Bons 
(annealed) 

3-408 

d m 0-059 om. 

»- 226-706 »q. om. 
r - 4 3109 om. 

141° 

122 

102 

84 

4*874 

20*497 

102*820 

616*94 

TfTVTT 

Lead-soda gists 
made by Messrs. 
Powell and Sons 
(unsounded) 

3-88 

d - 0-0988 cm. 
s - 213 -246 sq. cm. 
r-4-1021 cm. 

140° 

120 

104 

88 

78 

1*691 

4*927 

20*821 

144*640 

216*120 


Thii rqralt at (Xf is not amrato> but 
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Cap* it; I Olienmal Competition 



Mm* to show tiu order of th| quantity 
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Table II 


Number 

of 

rpetimen 

D menmoiK 
d •. tlutkneaa of b ilb 
f — efte tive rarface 

Date of te*t 

tur enti 
grade 

B »l«tonce 
Specific 
loautame in 
ohmi x 10 

X\I 


Ai nl 27 1808 

Up to 110° 

Riaiatanee too 

1 lgh to mea 



D( to 

Julr S 1800 

* 


XXVII 

1 — 0 086 an 
t - 216 1* (i cm 

' 

Mar 31 1808 

Mar 19 1898 

July 4 1800 

f 138 
< 107 
[ 00 

fU2 
l 90 

[144 
i 115 

1 00 

10« 17 

1609 3 

RcMrti nee too 
high to mea 

73 8 

505 86 

Bo»ela»o« too 
higlit mea 
aim 

72 28 

585 9 

Bcuatance too 
high to mea 
rare 

XXVIII 

d «* 0 158 cm 
» - 280 088 »q cm 

line" 1808 

Jan 13 1809 1 

July 5 189J ] 

1 

fl45° 

JlM 

1 93 

L 72 
1130 
^ 10B 
l 89 

ri42 
j « 105 

| l 86 

2 87 

21 82 

1 152 79 

1039 25 

9 85 

61 77 

296 07 
, 6 045 

1 91 6€ 

461 64 

XXIX 

d -0 125 on 
t - 204 306 >q cm 

July 0 1890 

Up to 140° 

Benitan e t< o 
| high to me* 
rare 

XXX 

1 

t - 0 1185 im 
* - 210 14 »q cm 

euly 7 1899 

140° 

1777 5 

Could not bo 
me Mured at 
loner tom 
pernture 

XXXI 

dm 0 0183 cm 
» m 219 6 «q cm 

July 11 1899 

136° 

100 

89 

7 633 

102 04 

816 40 

~\x\n 

I d m n 1438 cm 

1 « - 208 6 tq on 

July 10,1899 

141° 

110 

0 8501 

8 175 

298 95 
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small quantities of ferric oxide, alumina, and sodium oxide, its compo¬ 
sition mny ho represented by the formula 

20KiO,, 4BaO, RK-O. 

Found Calculated. 

53 29 52-54 

26 59 26-87 

20 12 20 58 

100 99-99 

XXIX .uid XXX Iloth of these glasses are from tho same pot, 
XXIX being anncidud, and XXX uuannoaled. Although they yielded 
slightly diffeient number*, on analysis, thoy are essentially tho same, 
and may lio represented by one formula, viz., 

23SiO_>, BPM), 3K.O. 

'VMV XXy'’ Calculated. 

NiOj .... 48 39 5017 4969 

PliO . 40-92 39-78 40-15 

K.0 .. 10 68 10 01 10-15 

99-99 99-99 99-99 

XXXI and XXXII. Those two glasses correspond closely to XXIX 
and XXX, soda, however, being suitstitutod for potash. It was hoped, 
in prepiring them, to obtain a glass closely corresponding to XXIX 
and XXX, soda boing sulwtitutcd for potash in exwtly equivalent 
quantity; but Messrs. Powell found that in order to make tho glass 
workable, it was necessary to add a slight excess of soda. XXXI was 
annealed; XXXII remained uuannoaled. Tho composition of both 
may be exptosaed by tho formula 

24SiO„ 5PbO, 4Na.,0. 

Found. 

'XXXT. XXXI? Calculated. 

50-70 51-7 51-37 

40-47 39 12 39-77 

8 82 917 8-84 

99-99 99-99 99-98 

We desire, in conclusion, to express our thanks to Messrs. Powel 
And Sons for tKeir kindness in preparing glasses for us, and to Messrs. 
O. W. Griffith and Robert Abell for their help in the electrical and 
chemical experiments respectively. 


NiOj... . 

PhO. 

Na,0 . 


SiO. . . 

H.iO 

K.0 


TQULXVH. 
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“ On the Change of Resistance in Iron produced by Magnetisation.” 
By Andrew Gray, LLD., K R S., Profossor of Natural Philo¬ 
sophy in the University nf Glasgow, and Edward Taylor 
Jones, D So., Professor of rhysies in the University College 
of North Woles. Received May 30,—Read June 21,1900. 

The experiments described below were made with the object of 
determining simultaneous values m a specimen of soft iron wire of the 
magnetising force, the magnetisation, and the change of resistance due 
to magnetisation. In all the measurements hithorto made of magnetic 
changes of resistance no attempt seems to have been made to deter¬ 
mine at the same time tho magnetisation; in fact, the results which 
have l»een obtained for bismuth might appear to indicate that there is 
but little, if any, connection lietween magnetisation and change of 
resistance. The results herein described, on the other hand, indicate 
that there is a somewhat close connection lietween tho two phenomena, 
and make it clear that further measurements on similar linos would 
have some value. 

Meimrtmnxl of lierixlancc. 

Preliminary trials showed that great difficulty would he experienced 
in determining tho magnetic change of resistance in iron unless great 
precautions wore taken to eliminate the effects of rise of temperature 
in the a ires due to the passage of even feeble currents. In tho 
arrangement finally adopted, two coils of soft iron wire P, Q (fig. 1) 







Change of Resistance in Iron produced by Magnetisation. 209 

were used, of nearly equal lengths, cut from the same specimen, and 
doubly wound with silk. One of these was wound longitudinally, the 
other spirally and non-inductively, on a rod of wood about 60 om. 
long. Tho whole was placed inside a magnetising coil, so that one 
coil, P, became longitudinally, tho other, Q, transversely magnotised. 

On account of the great demagnetising factor for a cylmdor mag¬ 
notised transversely, howover, the latter coil was only very feebly 
magnetised. The magnetising coil was 1 metre long, and was pro¬ 
vided with a double cylindrical core through which a constant stream 
of water could be kept flowing, in order to diminish tho heating 
effect of the magnetising current. It was further arranged in the 
experiments that equal currents should flow in the two iron coils, 
which were thus subjected to very approximately equal rises of tem¬ 
perature. Those arrangements, though not perfect, so much di¬ 
minished and retarded the heating effocts of currents in the various 
coils that those could lie readily distinguished from the magnetic 
effect. 

The comparison of the resistances of the coils P, Q was carried out 
in the usual way. The platinoid wire of tho bridgo was replaced by 
one of somewhat thick coppor, so as to give an easily measurable step 
of tho slider for the small alteration of tho ratio of resistances of tho 


coils which had to bo measured, tho iron coils inserted in p, q (fig. 1), 
and two nearly equal coils A, B in it, b. A and B were both kept in 
one bath of oil. All connecting wires were of thick coppor. The 
galvanometer was a Kelvm low-resistance astatic instrument. The 
magnetising current was measured by a Kelvm graded galvanometer, 
standardised by electrolysis and by comparison with a Kelvin deci¬ 
ampere balance. 

In making observations, the iron coils P, Q were first demagnetised 
by reversals, and the position of tho sliding contact key S found, which 
gave no galvanometer deflection. 

Then a weak magnetising current was appliod, reversed several 
times, and the position of S again found. Tho change of position of S 
indicated that the resistance of the longitudinally magnetised wire 
became greater than that of the transversely magnetised wire. This 
waa repeated for a largo number of field-strengths, each greater than 
the one preceding it. The resistances of the auxiliary coils A, B were 
so chosen that the change of position of S with the greatest mag¬ 
netising field used amounted to about 16 cms. The difference of die 


fractional increments of resistance of P and Q (^- - was 


calculated from the observed displacement of S from its aero position, 
and the results given below represent values of for different field 


strengths. 


Q ¥ 



210 


Profe. A. Gray and E. T. .Jones. 


Measurement of Magneli'utitm. 

Tho magnetisation of the iron was determined in soparato experi¬ 
ments. For this purposo a narrow glass tube, GO cm. long, was filled* 
with a number of lengths of iron wire, cut from the same specimen, 
from which tho insulation had licon removed. A number of turns of 
fine insulated copper wire was woimcl on tho glass tuhe noaT its middle 
and connected to a ballistic galvanometer, standardised by solenoid 
and secondary coil. The tube, with tho lengths of iron win', was 
placed within tho magnetising coil, and the BH curvo of ascending 
reversals was determined for the iron in tho usual way, and the mag¬ 
netisation 1 calculated from tho equation I — B - U/4w. No account 
was taken of the demagnetising factor of the iron wires; the factor for 
a cylinder of the same length and of rross-soction equal to tho sum of 
the section of the thii teen pieces of wire in the glass tubo is but of tho 
order 0-0008. 

Remit*. 


The following are particulars as to the coils, (fee., used 
Diameter of soft iron wire used in resistance and 


magnetisation experiments. 0-0745 cm. 

Resistance of iron coil P (longitudinally wound).. 1-045 ohmB. 

Resistance of iron coil Q (spirally wound) . 1-118 „ 

Do., <lo., auxiliary coil A . 1-382 „ 

Do, do., auxiliary coil B . 1-476 „ 


The coiIb A, B wore of Gorman silver. Resistance per centimetre of 
bridge wire (<r) = 0-0000536 ohm. The difference of the fractional 
increments of resistance of P and Q was calculated from tho approxi¬ 
mate equation 




AP _ AQ 

p Q 


A + B . 
“AB-*• 


where &e is tho displacement of the contact 8 (fig. 1) from its zero 
position, i.e., from its position whoa the wires were not magnetised. 

The mean temperature of the iron wire during both the change of 
resistance and the magnetisation measurements, determined by fre¬ 
quently observing the temperature of the water entering and leaving 
the magnetising coil, was 5*5° C. 

The results of all the measurements are shown in the accompanying 
curves. Fig. 2 is the magnetisation curve (I, H, o.g.s.) of ascending 
reversals. Fig. 3 the curve B, H for the longitudinal coil. Fig. 4 
shows A$ as a function of the magnetising field H. The general resem¬ 
blance between this curve and the magnetisation curve suggests that 
the change of resistance depends on the magnetisation rather than on 
magnetising force. 
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ligs B 6 7 show A</> is a function of 11 l 4 I iispectively 
Of these fig 6 approximates closely to a sti ught line except in the 
neighbo irhood of tho ongin It may thus bo stated as an empirical 
lesult for the sjeumon of soft iron an 1 foi tho ringo if m ignetisation 
employe! in theso experiments that the hinge of resistance is ap¬ 
proximately proportional to the fourth power of the magnetisation 

Note illel Ji e 18—The results are complicated to some extent 
by hysteresis It was foind that when the iron wires were first 
thoroughly demagnetised uid ifter having 1 een loft long enough to 
take the temperature of the surroundings were subjected to a rather 
strong magnetising current kept in for less than a second so that no 
appreciable heating could arise about i third of fy remained after the 
magnetic force was removed 

The above experiments were earned out m the Physical Laboratory 
of the University College of North Wales and we wish to take this 
opportunity of expressing our high appreciation of the value of the 
assistance of two students of the College Mr Guy Barlow and Mr 
Godfrey Rotter, who, by making many measurements and calculations, 
enabled us to complete the work 
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41 The Exact Histological Localisation of the Visual Area of the 
Human Cerebral Cortex.” By Joseph Siiaw Bolton, B.Sc., 
MI)., BS. (Lund). Communicated by I)r. Mott, F.RS. 
Itecoived May 11,—Bead Juno 14, 1900. 

(Abstract.) 

Pievwas Rexemch. 

The previous research concerning the human visual area has been 
carried out m three directions. 

(1) The study of lesions causing blindness. 

(2) The study of the myelination of tho corona railiata. 

(3) The histological examination of “ occipital ” or “ calcarine ” 
cortex as regards— 

(a) Cell form. 

(A) Sul nlivision of this variety of cortex into layers. 

(r) The modifications caused in (ft) and (A) by long-standing blmd- 

1I08B. 

Examination of tho literature oil tho first two Bulxhvisions demon¬ 
strates the extrome diversity of opinion which exists regarding the 
situation of tho primary visual area of the cortex. 

The object of tho present research has been to indicate tho exact 
region of the cortex to which the visuo-sensory function is limited. 
For this purpose it has been unnecessary to pay attention to the 
special nouronic structure of this portion of the cerebrum, but the 
general histology of the cortex referred to in (3), (A), and (r) has been 
considered minutely m the third Boction of this paper. 

The Emct Dtstubution of the “ Ornjntal ” Lamination. 

(1) The “ occipital ” lamination in the region of the calcarine fissure 
has boem histologically mapped out, in six normal and pathologioal 
brains, as a well defined cortical area. 

(2) The general distribution of this area is as follows. It occupies— 

(a) Tho body of the calcarine fissure, including the anterior and 

posterior annectante, and extending upwards to the parallel 
cuneal sulcus and downwards to the collateral fissure. 

(A) The posterior part of the calcarine fissure extending to the polar 
sulci surrounding its extremities. 

(f) The inferior lip of the stem of the calcarine fissure (inoluding the 
superficial surface and lower lip of the cuneal annectent) nearly 
to its anterior extremity, just posterior to which the area tads 
off to a Vharp point. 
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(3) The approximate outline oi this area is consequently pear 
shaped with tho apex anteriorly and the thick end at the pole of the 
hemisphere. 

(4) The aroa is much decreased in extent, lmt not in distribution, in 
cases of old-standing optic atrophy. 

(8) In anophthalmos the area is much contracted as regards both 
extent and distribution. It occupies tho usual position in the stem of 
the calcarine fissure, hut only oxtends backwards aB far as the posterior 
cuneo-linguul annectant, and it is confined to a portion of the inferior 
lip of tho fibsui c and to tho coitex betwoon this and the collateral 
sulcus. 

The General Hislolwjy of the Cm In Cnebn in the Itegvm of the Calearxm 
Ftssure. 

(1) The following classification of layoih has been adopted for the 
purposes of micromotor measurements:— 

(a) Tho coitex of tho area of si>eeial lamination which has just been 
described. 

I. Tho supeificial layer of nerve fibres 

II. The layer of small pyramidal cells. 

Ilia. The outer granule layer. 

IIIA. Tho middle lnyer of nerve fibres, or lino of Gennari. 

IIIc. Tho inner granule layer. 

IV. The inner layer of neivo fibres. 

V. Tho layer of polymorphic cells. 

(b) The cortex surrounding the area of special lamination. 

I. The superficial layer of nerve fibres. 

II. The layer of small and large pyramids. 

III. The layor of granules. 

IV. The inner layer of norvo fibres. 

V. The layer of polymorphic cells. 

At the junction of those two varieties of lamination an abrupt 
ohwige takes place, the line of Gennari suddenly coasing, and the outer 
granule layer joining the inner one, tho conjoined layer being approxi¬ 
mately of the thickness of tho former outer layer. 

(2) The average of very numerous micrometer measurements of the 
cortex of the area of special lamination and of the neighbouring con¬ 
volutions give* the following results:— 

(®) In the area referred to, in cases of old-standing optic atrophy, 
the line of Gennari is decreased nearly 60 per oent in thickness, 
and the outer granule layer more than 10 per cent. 
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(b) On the other hand, in the cortex surrounding the area referred 
to, old-standing optic atrophy Causes no modification of the 
lamination. 

(r) In anophth.dmos tlio conjoined outer granule layer and lino of 
Gennuri (for the granules in tho fotmer layer are not suffi¬ 
ciently obvious to udnut of easy mic remoter measurement 
alone) are muiowcd down to two-thirds of tho notmal thick- 
ni'Sb, tho other laycis of tho eortox being appi oximatcly un¬ 
changed This amount of nai rowing is the same as that found 
in c.ujos of old-standing optic atrophy. 

(rf) The majority of tho luyeis of the cortex either inside or outside 
tho area of spouai lamination do not vary appreciably in thick¬ 
ness as a result of age oi thiomc insanity, but there is an 
almost exact comwpondence lietween the thickness of the con¬ 
joined first and socond laycis cf tho coitox and the degree of 
amentia or dementia existing in the patient. 

Sunumug of CowlusMit* dimm Jiom ih< pimut Itetruuh. 

(1) Tho aiea located and descnlved in this piper is the primary 
visual region of the cortex coiebn 

(2) Tho pirt of this aiea to which afferent visual impreseions 
primarily pass is the region of the line of Gcnnari 

(3) A marked conti action of tho area in Ivoth extent and distribu¬ 
tion, without absence of the line of Gonnan, occurs in anophthalinos. 

(4) This area can probably bo describ'd as tho cortical projection of 
the corresponding halves of both retime. In this projection the part 
above the calcarine fissure represents the upper correspondiug quadrants 
and the pai t below tho lower corresponding quadrants of lioth retina*. 


“ Undeiground Temperature at Oxford in the Year 1891), a» 
determined by Five Platinum Resistance Thermometers.” By 
Arthur A. Rambaut, M.A, D.Sc , Radohffe Observer. Com¬ 
municated by E. H. GlumTHS, K.R.S. Received May 17,— 
Read June 21,1900. 

(Abstract.) 

I. description of the Apparatus. 

The instruments with which the earth-temperatures given in this 
paper were observed were five platinum resistance thermometers of the 
Calland&r and Griffiths pattern. 

The thermometers ware inserted in undisturbed gravel, the first four 
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lying one under the other in a vertical plane beneath the grass of the 
south lawn of tho Radcliffe Observatory, and within a few feet of the 
Stevenson’s screen in which the dry bulb and the wot bulb, the maxi¬ 
mum and minimum thcrmomotois, are suspended. A fifth theimnmoter 
was subsequently placed at a depth of about 10 feet in a separate pit. 
The actual depths of the various thomiomoters as measured m October, 
1898, wore os follows — 

Thermometer. 1. II. Ill IV. V. 

Depth ... 6} in. 1ft. 6 ill. 3 ft. <U in 5 ft. 8^ in. 9 ft 11J in. 

The resistance liox is m its general design similar to that described 
by Mr. Griffiths,* but simplified to suit tho particular class of work 
for which it was intended It is provided with thico principal coils, 
A, B, and C, whoso nominal values are, 20, 10, and 80 Ixix units 
respectively, a box unit being about 0 01 ohm. 

The apparatus is provided with a slow motion contact maker, of 
Mr. Horaco Darwin’s pattern,! and Mr. Griffiths’s thermo-eloctric key.J 
In the standardisation of tho apparatus tho method described by 
Mr. Griffiths, m his article in ‘ Nature,’ refened to above, was ui tho 
main followed. The temperature coefficient was determined by 
Mr. Griffiths, iu his own laboratory at Cambndgo. Two separate 
series of olrsorvations led to the following results:— 


llfiufto of Temperature 

Dnfce. temperature coefficient. 

July 27 . 9-18“ 0000242 

August 8. 12 51 0-000240 


The valuo actually used in the reductions was 0-00024. 

From oiiservations made when tho instrument was mounted in situ 
at Oxford, the values of the coils were found to lie 

C - 80-158 "i 

B - 39-979 >mean box units, 

A = 19-863 J 

and one scale division of the bridge wire is equal to 
1-0134 mean box units. 

One of the most important considerations in connection with this 
subject is the degree of permanence in the fundamental points, as 
determined at considerable intervals of time; but the process of 
standardisation is not one that can be very frequently applied. 

• ' Nature,' vol. 68, November 14,1895. 
t * Nature,’ voL 68, November 14,1895. 
t 4 Phil. True,,’ A, pp. 897-8, vol. 184 (1895). 
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All the instruments were vory carefully standardised by means of 
observations extending over three days, .in October, 1898, and on 
October 6, 1899, taking advantage of a visit from Mr. Griffiths, I had 
the 6-in. thermometer dng up, and wo examined its zero point after 
exactly a year’s continuous olwervations. The readings agreed to within 
0-004° C., being 

In 1898 . 0 306 

In 1899 . 0-302 

For reasons given in the paper, it was not thought necessary to 
re-examine the boiling poiut. For another thermometer (A), kept in 
tho observing room, the fundamental interval was found to have 
remained practically unchanged, being 


In 1898. 101 067 

And in 1899 . 101-059 


II. Dtscuseum of the Obeervatums. 

The first stop in the discussion of tho observations is to group them 
into monthly means, and thence to deduco the harmonic expressions 
which will represent the readings of oach thermometer throughout the 
year* Those monthly means expressed in degieea Fahrenheit are 
given in the following tablo:— 


Mean Monthly Temperature of the Ground at the Itadcliffo 
Observatory, Oxford, 1899. 


Thermometer. 

1 


3 | 4 

6 

Depth. 

61 in. 

1ft. 6 In. 

8 ft. 6* in. 

6ft. Sf in. 

9 ft. 114 in. 

January ... 

February 

March.:. 

iff . 

July. 

August. 

September. 

October.. 

November.. 

December. 

40-47 

40- 09 

41- 84 

48 77 
64-86 
66-78 
69-48 
69-38 

I 69-84 
i 48-99 
46-78 
88-14 

43 “07 
41-34 
41-91 

47 86 
63-96 
68-89 
68-98 
67-79 

61 -13 
61-14 
48-43 
4108 

44 ? 88 

43-86 

48-81 

46-61 

60-96 

68-89 

62 16 
64-88 
68-08 
64-29 
80-99 
46-86 

46°80 

46 08 
44-74 
46-40 
49-64 
64-78 
68-74 
81-66 
61-19 
66-18 
68-69 
48-68 

49‘97 
48-88 
47-48 

47- 87 

48- 68 
60-88 
68-86 

66- 89 

67- 80 
86-71 
64-48 
flit 


• Protmor W. Thomson, "On the EaducHon of Obaamtkn*of Underload 
Temperate*," Ttms. Boy. Boo. MW rob 39, p. 409. 
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The harmonic expression to represent the tempeiaturo foi any ther 
mometer will bo • 


0 = *i cos X/ + i coo 2Ai+ U 

+ f|BinX/+/ sm2X/ + A,c (c), 

or 6 ( 0 + r sin(A/ + h|) + P 8in(2Xf + r)+ (D) 

where t denote* the time represented as the fiaction of the year and 
X m equal to 2ir Fiom the monthly means given above we deduce 
the following — 


Values of tho Goefh lei ts 



From each wave as observed at any pan of thoimometeis we obtain 
two determinations of the diflnsivity (l) of tho giavol one fiom the 
diminution of amplitude uid the other from the letirdation of phase 
In computing the value of the expression ^/(ir//) tho Paris foot and 
the Fahrenheit degree have boon used 

I have omitted the results for the thcmiometei No 1 (6 inches), 
which are too much affected by the diurnal changes and other causes 
From six comparisons of tho amplitude and retardation of the annual 
wave at tho remaining four thermometers wo obtain twelve determine 
tions of the value of >/(*/k), the mean of which is 0 1189 For the 
half yeaily wave tho mean value obtained hi a similar way is 0 1187 
This close agreement of the mean values of ,/(v/A) derived fiom the 
annual and half yearly waves is very rein trkable, and seems to indicate 
a high degree of precuion in the results 
The paper deals with the observations of a single year, and the 
results accordingly exhibit some discrepancies between theory and 
observations which, although they are less than might have been 
expected, are greater than one would like to see These discrepancies 
are due partly to the fact that the temperature variations are not 
sttfe&r of a periodic character, as the theory supposes, and as such 
they hught be expected to be diminished in the mean of a number 
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of years and partly to irregularities physical and formal, m the 
surface of the ground • 

Another s mice of liregulmty iffectmg previous observations of 
this soit namely thermometer erroia iribing from the uncertainty as 
to the tomperature of the liquid m the 1( ng stems of the mercury 
or tlcohol thoimomoters does not m this cise apply uid if other 
errors po uhir to the j.1 itmiim thormomoten exist they seem to lo 
confined within much smillor limits 


On the Kinetic Aecumnlati n if Stuss lllusti itod hy the The ly 
cf Iniiulsivc Tctsi 11 1 y Kari Pfai bO\ IPS Piofess r 

of A \pile 1 Michmits Umveisitj ( ill< 0 t 1 nl n Iltcavcl 
Maj 29— leal luie 21 1900 

(Al street) 

1 It is usual in engineering prictice to doulle the viluo of the 
sti esses ealcid ited staticall j w hen i live lo ul eomi h onto a girder and 
further various empirical laws such is those lno to Wohloi ire adopted 
in the case of repeated loading to measure the effective resist ince of a 
structure Whilo these methods piactically adopted show very clearly 
that there is i just appreciation tint lo uling v trying with the time 
differs m its natuio veiy considerably from puiely permanent loading, 
they yot fall consider ibly short of the definiteness required from the 
thoorotaod standpoint Occasionally it must bo confessed that they 
would fail even from the practical standpoint were it not foi the largo 
factor of safety usually adopted 

So soon as a live load comes onto a girder e\en without impulse, 
vibrational teims arise m the strains and the same thing occurs 
also in the parts of machinery subjected to external forces changing 
with the time The discussion of the strains in i girder due *0 
a rolling load was flist undei taken by Sir George Stokes in 
and his results have l>oui considerably extended in later papsH 
by Phillips, Renaudot, Bresse and do Saint-Venant t The latter has 
further dealt with i considerable number of problems of what I 
have elsewhere termed non impulM r rtnltenrc J as well as a variety 
of cases of impulsive resilience m the case of bars receiving longi 
tudwal or trancnoise impacts § The numerical results of Sarnt- 
Venant’s papers, as well as his graphical representations, hardly seem 

• S*o History of Elasticity ’ toI 1 arts. 1276 sad 1417 

t Loe at » Vol 8 art. 37*-SSI 

% Lot ext vol 8 arte 355—367 

| Loe ext rc^ 2 acts 401—414 (for the history of the subject sm tit 841) 
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to have been sufficiently considered in the light of practice. They 
show that there can I* a kinetic accumulation of stress at sections 
where a wave of vibrations is reflected, and that in many cases this 
kinetic stress can considerably exceed double the value of the statioal 
stress at that section due to tho same load permanently appliod. In 
fact, every case of repeated loading or live-loading forms a kinetic 
problem which must be independently solved, and which, if it presente 
difficulties, still presents difficulties such as the mathematician is in 
duty bound to overcome. 

While the papers to which I have referred givo a fairly complete 
solution of a number of pioblems in longitudinal and transverse loading 
of bars and girders, the problem of torsional loading Booms to have 
lieen untouched up to tho present. Yet tho quostion of torsional 
vibrations is one that arises veiy frequently, as in tho cases of shafting 
aud axles. The present memoir endeavours to give from the mathemati¬ 
cal standpomt a fairly comprehensive solution of the problem of tho 
kinetic accumulation of stress in liars, shafts, axles, &c., owing to 
repeated, impulsive, or changing systems of toisional loading. The 
attempt—following the traditions of do Haint-Vonant— has beon 
made, however, not to leave the results in the form of long series 
unintelligible to tho average piacticul man. A \ery l.trge amount of 
numerical ieduction has been undertaken, and many of the results are 
shown graphically. Tho whole of tho calculations, ns well as the original 
large diagrams, aio my own work; but I owe to Mr. G. Baker and 
Mr. J. Longbottom, who have at one timo or another lieen my assistants 
at University College, tho reduced diagrams which accompany this 
paper, and I have to cordially thank them for tho caro and labour they 
have given to the reproduction of my drawings. 

2. With regard to the general conclusions of the memoir, I should 
wish to draw apodal attention to tho following points •— 

(a.) When a load is repeated, or applied, ieiersod, and repeated, 
there will in general be kinetic accumulations of stress ; the 
amount of this accumulation varies with the times of incidence 
and of release of tho load, but it may easily ox< eod the double 
of tho stress due to the statical application of tho load. 

(&.) Wohler’s empirioal laws must eithoi be considered as allowing 
for this kinotic accumulation, or not. If they do not aftnw 
for it, but are based merely on the assumption of a jmwcal 
load gradually applied and gradually removed, then they do 
not cover an imfo&nse range of repeated loading which occurs 
in practice. If they do allow for it, then the conception of 
the material being worn out by a maximum straw lower than 
the elastic limit is a false one, for the explanatiDp of the 
destruction of the material lies in the kinetic accumulation of 
• much, greater strees. 

vqjulxvii. n 
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(c.) The eolation of the problem in both the eases of long shafts and 
short axles depends upon the discovery of a series of discon¬ 
tinuous functions. These functions would appear to have con¬ 
siderable interest for the mathematician. Like functions first 
appear, I think, in a paper by Boussinesq,* and they offer an 
alternative to tho usual solution of problems in vibration by 
Fanner’s senes. The latter in such causes often give easy ana¬ 
lytical expressions, which, however, may be almost useless for 
the purposes of numerical calculation owing to the slowness 
of their convergence. In the course of the paper the numerical 
solution by the uao of discontinuous functions, is compared 
for one caso with the solution obtained by a Fourier’s series. 
A verification of tho work is thus obtained, and the advantages 
of the novel functions illustrated. 

(d.) There are many points m the memoir which suggest possibilities 
for physical research, and it seems to me that lioth from the 
purely scientific and the engineering sides a well-devised 
serios of experiments on continuously nnd on abruptly varying 
torsionul loads would lead to results of much interest and 
practical value. 

Tho memoir endeavours to complete as fully for torsional loading the 
theory of a changing load as the latter has been completed for longi¬ 
tudinal and transverse loading by de Saint-Yenant, Boussinesq, and 
Flammant. The methods, analytical and graphical, aro analogous, but 
the whole of the results, algebraic and numerical, aro, I bclievo, novel, 
and apply to a series of cases which, if possible, have oven greatei 
practical importance. 


“ HUB Nature and Origin of the Poison of Lotus Arabicus. Pre¬ 
liminary Notice.” By Wyndham It. Dunstan, M.A., F.R.S., 
Sec.C.S., Director of the Scientific Department of the Im- 
peu&l Institute, and T. A. Hkney, B.So. Lond., 'Salters’ 
Company’s Research Fellow. Received .Tune 7—Road June 
14,1900. 

Lotus Arabicus is a small leguminous plant resembling a vetch, with 
pjnl f flowers, indigenous to Egypt and Northern Africa. It grows 
abundantly in Nubia and is especially noticeable-in the bed of the Nila 
from Luxor to Wady Haifa. It is known to the natives as “ Khuther," 
and old plants with ripe seed are used as fodder. The dried plant fa 
unusually grew, and possesses the aroma of new-mown hay. At 
• 8 m « History at KU^icity ’ rot S, arts* SOI, 40*.' , 
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certain stages of its growth it is highly poisonous to horses sheep, 
and goats tho poisonous pioperty lieing most nuiked m the young 
plant up to tho period of seeding Owing to the trouble which this 
plant has given to tho milituy and civil authontieb in lgypt the 
assistanre of tho Director of Ivcw was sought in or ler th it the prucise 
nature of the poison might be ibC< rtameil and if jiossible a iomedy 
found I he mittei hav in„ lioen referred to tho Scnntifie Dcput nent 
of the Impend Institute Mi E A Hoy or Due toi of Egyptian 
Tolegiapls c Uoct 1 some of the mitt ml foi imcstigition 

It w is fount tint when me intoned with water and eiushod the 
leaves of the plant ovohe 1 piussic acid m consi lorable quintity tho 
amomit being greitest in the plmt just liefcio ind leist just aftci the 
flowenng penod iurthei inicsti n iti>n his shown th it the piussie 
acnl ongmites with i ytll iw uystilhne ^lucoside (C Hi hiOio), which 
it is proposed to name l (i Under tho influence of an enzyme, 
ilso contained m the plant lotuam is npidly hydiolysed forming 
jiu si ttul, s <//>, and lot Jt 1 1 a new yellow col uring m liter 

fho hydrolysis miy bo effected ly dilute ici Is but is only very 
slowly Irought ibout by emulsm md not it dl by chastise The 
peculnr enzyme which it is pi opt seel to e all If appeus to be 
distinct fieim the enzym s ihculy known Itt> ictmty is ripidly 
abolished by contact with tlcohol md it has only i feeble ictiou on 
amygdulm Old pi ints ue f wind to cont un lotasc but no lrtusin 
The ujti has been pioied to lie identic il with oidmury dextiose 
l/t Jlum, the yellow colounng m ittci his the compositionexpieased 
by tho formula Gi HwO It belongs to the cliss of phcnylatcd 
pheuo-y pyrones, and is a dihydroxychrysin, isomule with luteolm, the 
yellow colouring matter of lluedu lute 1 1 , md with fisetin, the yellowr 
colouring matter of hhw cotinu\ 

The decomposition which ensues on blinking lotase in contact with 
lotusin, is happens when the plant is crushed with wuter, ib theiefore 
probably expressed by the following equation — 

CjHwNOm + ffHjO - Ci o H 10 O + HCN + G H, 0„ 

Iofctura Lotoflsnn 1 ruwi acid Dextrose 

Hydrocyanic (piussic) acid occurs in small quantity in many plants, 
and according to Treub and Qreshof is often present in the fioe state 
The only glucoside at present definitely known which furnishes this 
acid u the well known amygdalm of bitter almonds, which under Hhe 
influence of the enzyme emulain, also contamod m the almond, breaks up 
into dextrose, benxaldebyde, and prussic acid. 

Owing to the scientific interest which attaches to this new gluco 
side, its properties and those of its decomposition products, have been 
r*rf fully studied, sad the characteristics of the new enzyme have also 
haw Investigated. 
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We arc much indebted to Mr Floyor for the great pains he has 
taken to collect m Nubia the necessary material for this investigation, 
and also to Sir W T 1 hist 1 ton Dyer for having grown the plint at 
Kew, from seed obtained fiom Eg }pt 


On the Spectroscopic Fx munition of Colour priduced bv 
Simultaneous (ontrasl By Glorgf 7 Buhcii M \ 
1\ idmg C lhgt Reading Communicated by 1 ra\( is 
Ookh HIS Professor of 1‘hysiolo^y Umveiaity of Oxford 
Received June 12—Ruul Turn 21 1900 
In a previous communication I have described some methods of 
using the spectrosccpo to anilyse sc nsations of successive conttast In 
those erpenments tho eye iftoi having lieen fatigued by monothro 
matic—pieferably apoctial—light is e\]iosed ti i second stimulus, 
consisting also of spoctr d light oxciting one or more colour sensations 
which may or may not incltido that fatigued by the primary sensation 
The question naturally cuises whether the spectroscopic method 
might not bo ipplnd to problems of simultaneous contiast 

With this view I made a number of experiments with the Marl 
botough spectroscope during the nummei of 1897 of which the follow 
mg m ly he mentioned A piece of thin cover gl vss was fixed in front 
of the eye piece at an angle of 45° with the optic axis so as to reflect 
into the field of viow a smill complete spectrum furnished by a 3$ 
inch direct vision spectroscope In order that this might bo visible 
against the bright field of the laiger spectroscope a glass disc with an 
opaque spot of the required siae painted on it was inserted in the 
eye piece close to tho diaphragm 

With this vrrangement it was easy to see the effect of contrast upon 
tho smaller spectrum but the lack of a comparison spectrum made the 
experiment far less striking than I had anticipated 
Recently a device has occurred to me by which this difficulty may 
be got over namely, the production of simultaneous contrast by dif 
ferent colours in the two eyes 

This method is employed m the well known experiment by Henng, 
to show that the apparent alteration of colours by contrast is not due 
to an error of judgment, but to some real effect produced m the eye 
itself 

An ordinary stereoscope is very convenient for this purpose, a square 
of red glass being inserted on one side of the central partition and a 
square of blue glass on the other A small black wafer is then fixed 
at the centre of each glass, with a white wafer close to the left aide of 
the one on the right hand glass, and another on the right «de of that 
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on the left-hand glues. The black wafers being the only spots common 
to both fields are oasily fixed binocularly, and the white wafers, each 
seon with a different eye against a different colour, appear on oither side 
of the combined black spots. 

Under these circumstances, although the blue and red fields combine 
more or Icsh to produce a purple sensation, cac h white spot retain® the 
contrast coloui due to that constituent of tho coloured background 
which alono affects the eye in which its image is formed 

It was only neccswiry to find some method of substituting for tho 
white spots two small spectia in mder to demonstrate the causo of the 
greenish-blue appearance of the white spotf on tho rod glass, and of the 
orange hue of the white spot on the blue glass To do this, I place 
over each eve-lens ono of Thorp’s replicas of Howland’s gratings having 
15,000 lines to the inch. Two slits are held in a frame in font of the 
apertnre by which light is usually admitted when using tho storooscope 
for opaque photographs The spectra of tho first older of those slits 
appear in the middle of the two glasses In order to prevont direot 
admixture of the colours of each spectium with those of the opposite 
backgrounds, two opaque squares of black material are comcntod to 
each of the coloured glasses, so shajicfl as to appear of tho exact size 
And position of the spectia On looking through the stereoscope, two 
spectra ore seen side by side on a field, the colour of which continually 
oscillates from rod through purplish-grey to blue. That connected 
with tho red glass shows little or no red, but a splendid green and an 
equally splendid violet; while that belonging to tho blue glass has the 
red well developed, tho green pale and dingy, and the blue almost 
absent. The effect of varying tho nature of the blue screen is very 
instructive. With cobalt glass the red is not very bright, owing 
probably to the transmission of some red rays by tho cobalt glass, but 
the addition of a film stained with Prussian blue, by which these rays 
are alworbod, greatly improves the red. On the other band, a pale 
yellow film which cuts off the violet causes tho violet of tho Bpectnun 
on the blue ground to stand out brightly, while a purple film brings 
out the green, which, owing to the green light transmitted by 
ordinary cobalt glass, is generally a good deal enfeebled. In each 
case the contrast of the two spectra seen by different oyos is so well 
marked that the experiment seems likely to be of service in teaching. 
It should not, however, bo forgotten that the conditions are not quite 
so simple as in the ordinary production of artificial colour blindness,, 
and that the results are also somewhat more complex. 

Hering’s contention, that contrast phenomena originate in the eye 
rather than in the mind, is substantiated, but the complementary 
dolour to red is shown to consist not of one simple colouMpnsation 
but of two at least, namely, green and violet, and in my own case of 
also. Against a magenta background toe complementary odour 
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is seen to bo spectral green But in this taso the physical stimulus is 
complex. On milling to the nmgonta a yellow glass, to cut out the 
violet, or using candle light, the violet reappears in the complementary 
spectmm, while if a liluo glass is added instead, tho violet vanishes, 
and red stands out hi ightly m the spectrum. It may l>e thus Bhown 
that tho colour which has green for its complementary is not spectro¬ 
scopically simplo, mid sineo the spectial elements of it Live each a 
different and independent effect upon the spectrum of the comple¬ 
mentary colour, I conclude that the green sensation has no special con¬ 
nection with the led, or indeed with any single colour sensation 

It would, of course, lie <pe-y to arrange the apparatus so as to use 
puie spectral coloms foi the lMckgrounds, hut the phenomena uro 
sufficiently distinct for oidumiy purposes with tolouied glasses 

A portion of the apparatus used has been paid for out of the stun of 
£10 allotted to mo by tho Royal Society fiom tho Government Giant. 


" An Experimental Investigation into tho Flow of Marble.” By 
Fiiank I». Adams, M.Se„ Ph I) Professor of Geology in 
McGill University, Montreal, awl John T. Nicolson, D.Se., 
M InstCR, Head of the Engineering Depaitment, Municipal 
Technical School, Manchester. Communicated by Professor 
H. I* Callrndar, F US. Received June 12,—Road June 21. 
1900. 

(Abstract.) 

That rocks, under the conditions to which they are subjected in 
ceitnin pails of the eaith’s crust, liecomc bent awl twistod in tho most 
complicated manner is a fact which was recognised by tho earliest 
geologists, and it needs but a glance at any of the accurate sections of 
contortod regions of the earth’s crust which have l>een prepared in 
more recent years to show that there is often a transfer or “flow” o£ j 
material from ono place to another in the folds. Tho manner in which 
this contortion, with its concomitant “ flowing,” has taken placo is, how¬ 
ever, a matter concerning which thore has Itoen much discussion, and a 
wide divergence of opinion. Some authorities have considered it to be 
a purely mochanical process, whilo others have looked upon solution 
and redeposition as playing a nocessary r/ilr in all such movements. 
The problem is one on which it would appear that much light might 
be thrown by experimental investigation. If movements can be 
induced in rocks under known conditions, with the reproduction of the 
structures found in deformed rocks in nature, much might be learned 
concerning not only the character of the movements, but also oon- 
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cerniug the conditions which aro necessary in order that the move¬ 
ments in question may take place. 

It is generally agreed that three chief factors contribute to bringing 
about the conditions to which rocks aro subjected m the deeper piu ts 
of the earth’s mist, wheio folding with concomitant flowing is most 
marked These are — 

1 (lre.it piessiue. 

2. High temperature. 

3. Percolating waters. 

With regard to the first factor, it must be noted that more cubic 
compression docs not pioduce inoioinents of tho nature of flowing, 
although it may pioduce molecnlir rearrangement in tho rock, A 
differential pres«uie is nccess.ii y to give movement to tho mass As 
Jloirn has pointed out, tbeio is reason to believe that “ Ujnformnng 
ohm) Bruch " takes place when a lock is subjected to a pressure which, 
while greater in some durations than in others, in cveiy direction 
exceeds tho elastic limit of tho irxk in question. Whether all these 
factors, or only certain of them, are actually nooessary for tho produc¬ 
tion of rock deformation is a question which also leqmrcs to lie deter¬ 
mined by experiment, tor by experiment the action of each can lie 
studied separately, hh well as in combination with tho others. 

In tho paper of which this is «n abstract, a first contribution to such 
a study is presented, puro Carrara niarblo being the rock selected for 
study. The investigation is now being extended to various other 
limestones, as woll as to granites and other rocks. 

In order to submit the marble to a differential pressure, under tho 
conditions alwve outlined, it was sought to encloso tho rock in some 
metal having a higher elastic limit than marblo, and at the same time 
possessing considerable ductility. After a long series of experiments, 
heavy wrought-iron tubes of special construction were adopted. These 
were made, following the plan adopted m the construction of ordnance, 
by rolling thin strips of Low Moor iron around a bar of soft iron, 
and welding the strips successively to the Kir, as they were rolled 
around it. Tho core of soft iron composing the bar was then bored out, 
leaving a tube of Low Moor iron, the sides boing about J inch in thick¬ 
ness, and so constructed that the fibres of the iron ran around the tube 
instead of being parallel to its length. These were found to answer 
tho requirements admirably. 

The following procedure was then adopted. Columns of the marble, 
an inch or in some cases 0-8 inch in diameter and about 1‘5 inch in 
length, were accurately turned and polished. The tube was then very 
accurately fitted around the marble. This was accomplished by 
giving a very slight taper to both the column and the interior of 
the tube, and so arranging it that the marble would only pass half 
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way into the tube when cold. The tubo was then expanded by heat¬ 
ing, so as to allow tho marble to pass completely into it and leave 
about 1‘25 inch of the tulm free at either end. On allowing the tube 
to cool, a perfect contact betweon the iron and the marble was obtained. 
In some experiments the tubo was subsequently turned down, so os to 
be somewhat thinner immediately around tho marblo Into either end 
of the tulio, containing the column, an accurately fitting steel plug or 
pistou was thou inserted, and by moans of these the pleasure was 
applied The high pressure required w,« obtained by means of a 
powerful press, especially constructed foi tho purpose, consisting of a 
double hydraulic “ intenutioi,” the watei pressure being in the first 
instance obtained from tho city mains By means of this machine, 
pleasures up to 13,000 atmospheics could bo exerted on the columns 
having u diameter of Q - 8 inch, and the pressures could be readily 
leguluted and maintained at a constant value for months at a time, if 
requited 

It having Ihjou ascertained that tho columns of the marble 1 inch in 
diamoter and 1£ inch in height crushed at a pressure of from 11,430 
to 12,026 lbs. to the square inch, the coliunu enclosed in its 
wrought-irou tube, in the maimer alwvo deset died, was placed in the 
machine and the pressure applied gradually, the exterior diamoter of 
the tube being accurately measured at fiequent intervals. No effect 
was noticeable until a pressure upon tho marble, varying of conrso with 
the thickness of the unclosing tubo, but generally about 18,000 lbe. 
to the square inch, was reached; when tho tube was fouud to slowly 
bulge, the bidgo lasing symmetrical and confined to that portion of the 
tubo surrounding the marblo. The distension was allowed to increase 
until the tube showed signs of rupture, when the pressure was 
removed and the experiment concluded. The conditions under 
which the marble was submitted to pressure were four in number:— 

1. At the ordinary temperature in the absence of moisture. (Cold 

dry crush.) 

2. At 300” C. in the absence of moisture. (Hot dry crush.) 

3. At 400” C. in the absence of moisture. (Hot dry crush.) 

4. At 300* C. in the presence of moisture. (Hot wet crush.) 

Eight experiments were made on marble columns at the ordinary 
temperature, in the absence of moisture, the rate at which the pressure 
was applied differing in different cases, and the consequent deformation 
being in some cases very Blow and in others more rapid, the time 
occupied by the experiment being from ten minutes to sixty-four days. 
71 m amount of deformation was not in all cases equal, as some of the 
tubes showed signs of rupture sooner than others. On the comple¬ 
tion of the experiment the tube was slit through longitudinally by 
means of a narrow cutter in a milling machine, along two lines 
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opposite one another. The marble within was found to be still firm 
and compact, and to hold the respective sides of the tube, now com¬ 
pletely sevoiod from one another, so firmly together that it was 
impossible without mechanical aids to tear them apart. By means of 
a steel wodge driven in betw eon them, how ever, they could lie separated, 
hut only at tho cost of splitting the marblo through longitudinally. 
The half columns of the marblo now deformed generally .ulhoie so 
firmly to the tul>e that it is necessary to spread the latter in a vice in 
order to sot them fioe. Tho defoimed marble, while firm and compact, 
differs m appeal unco from the original rock in possessing a dead white 
colour, bomowhat like chalk, the glistening cleavage bui faces of tho 
calcite being no longer visible. The diffeiunco is well brought out in 
certain casos owing to the fart that a certain poi tion of tho original 
marble often remains unalteied and unaffected by the pressure. 
This when present haH the form of two blunt cones of obtuse anglo 
whose liases ate the original ends of the columns resting against the 
faces of the steel plugs, while the apices extend into the mass of tho 
deformed nuuble and point toward one another. These cones, or 
rather paralxilas of rotation, arc developed, us is well known, in all 
cases when cubes oi lock, Portland cement, or cast iion are crushed 
in a testing machine in the otdmaiy manner. In the piesent expe¬ 
riments they beldom form any large portion of tho wholo m,isB. 

In order to test the strength of tho deformed lock, throe of the half 
columns fiom different experiments, obtained us above described, were 
selected and tested in compression. The first of these, which had lioeu 
deformed very slowly, the experiment extending over Rixty four days, 
crushed under a load of 5350 lbs. per square inch; the second, which 
hacl been deformed in hours, crushed under a load of 4000 lbs. per 
square inch; while the third, which had been quickly deformed, tho 
experiment occupying only 10 minutes, crushed under a load of 2776 lbs. 
per square inch. As mentioned above, the oi lginal marble, in columns 
of the dimensions possessed by these befoio deformation, was found to 
havo a crushing weight of between 11,430 and 12,026 lbs. per square 
inch. These figures show that, making all due allowance for the 
difference in shape of tho specimens tested, the marble after deforma¬ 
tion, while in some cases still possessing considerable strength, is much 
weaker than the original rock. They also tend to show that when the 
deformation is carried on slowly the resulting rock is stronger than 
when the deformation is rapid. 

lliin sections of the deformed marble, passing vertically through the 
unaltered cone and the deformed portion of the rock, were readily 
made, and when examined under the microeoope clearly showed the 
nature of the movement which had taken place. The deformed portion 
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unaltered cono. This turbid uppoarance is most marked along a aeries 
of reticulating linos nuining through tho sections, which when highly 
magnified are seen to consist of linos or lunula of minute calcite 
granules. They a>o lines along which shearing has taken place. The 
calcite individuals along these lines have broken down, and tho frag¬ 
ments so produced have moved over and past one another, and remain 
as a comjHct mass after the movement censed In this granulated 
material arc enclosed great numliers of irtegulai fragments and shreds 
of calcite ciystals, hont .aid twisted, which have boon ran led along in 
the moving mass of granulated calcite as the shoanng pmgiossed. 
This stinctiue is therefore cataelastic, and is identical with that seen 
m tho felspirs of many gneisses. 

Between these lines of granulated material tho marble show's move¬ 
ments of another sort. Most of tho calcite individuals in those posi¬ 
tions can lie seen to have Imcn squeezed against one anothei and 
in many cast's a distinct flattening of tho grains has resulted, with 
marked strain shadows, indicating that they have lieon lient or 
twisted They show, moreover, a finely fibrous structure m most 
cases, which, when highly magnified, is seen to be duo to an e\ticmcly 
minute polysynthetic twinning. The chalky aspect of the deformed 
rock is in fact due chiefly to tho destruction by this repeated twinning 
of the continuity of the cleavage surfaces of tho calcite individuals, 
thus making the reflecting tnuiaccs smaller. By this tw inning, the 
calcite individuals are onahled under the pressure to alter their shape 
somewhat, while tho flattening of tho grains w evidently duo to move¬ 
ments along tho gliding planes of the crystals. In these parts,’ there¬ 
fore, the lock presents a continuous mosaic of somewhat flattened 
grams. 

From a study of the thin sections it seems probable that very rapid 
deformation tends to increase the relative abundance of tho granulated 
material, and in this way to mako the rock weaker than when the 
deformation i» slow. 

When the marble is heated to 300’ C. m a suitably-constructed 
apparatus and is then subjected to doformation under conditions which 
otherwise are tho same as boforo, the cataelastic structure is found to 
lie absent and tho strength of the deformed marble rises to 10,652 lbs. 
to the square inch, that is to say, it is nearly as strong ns tho original 
rock. The calcite grains, which in the original rock are practically 
equidimcnsionnl, are now distinctly flattened, some of them being three 
or even four times as long ns they are wide. Home grains can be seen 
to have been bent around othors adjacent to them, the twin lamelle 
curving with tho twisted grain. In others again of these twisted 
lamellae, the twinning only extends to a certain distance from the 
margin, leaving a clear untwinned portion in the centre. The rook 
consists of a uniform mosaic of deformed calcite individuals. 
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When the deformation is earned out at 400' C., no trace of cata- 
clastio structure is seen 

An experiment was then miulo in which the marble was deformed 
at 300* C., but in the prosoneo of moisture, water being forced through 
the rock under a pressure of 460 llw per sipiaie inch dining the 
deformation, which extended o\er a period of fifty-four days, or nearly 
two months Under these conditions tho marblo yielded in the same 
manner as when deformed at 300 C , in tho absence of moisture, that 
is, by movements on gliding planes and by twinning, but without 
cataclustic action. The deformed marble, however, when testerl in 
compression, was found actually to lie slightly sttongoi than a piece of 
the original maibleof tho sumo shape. Tho structure developed was 
identical with that of the niaiblo defoimed at 300 C in tho absence 
of water. The piesemo of water, theiefore, dnl not influence the 
character of the deformation It is quite possible, however, that there 
may have boon a deposition, of infinitesimal amount, of calcium 
carbonate along vciy nnnute i lacks or fissures, which thus helped to 
maintain the strength of tho lock No signs ot such deposition, how¬ 
ever, wero Msiblo 

By studying the marblo defoimed at a temperature of 300" C., or 
better at 400" C , it will lie seen that structures imbued in it by the 
movements, and the nature of the motion, arc precisely the same as 
those oliserved in metals whon they are deformed by impact or by com¬ 
pression. In a recent paper by Messrs. Ewmg and Rosenhain, 
“Experiments in Micro-metallurgy Effects of Strain,’’ which ap¬ 
peared m those Proceedings, three photogiaphs of the sumo surfaoc of 
soft iron, showing tho results of progressive deformation under pressure, 
are shown, which photographs could not lie distinguished from those of 
thin sortions of the marble described in tho piesonl paper, at corre¬ 
sponding stages of deformation. In both cases tho movements are 
caused by the constituent crystalline lndnubuds sliding upon their 
gliding planes or by polysynthetic twinning. In both cases the 
motion is facilitated by the application of heat. The agreement 
between the two is so close that the term “ flow ” is jnst as correctly 
applied to tho movement of the marble in compression under the 
conditions desoriliod, as it is to tho movement which takes place in 
gold when a button of that metal is squeezed flat in a vice, or in iron 
when a billet is passed botw r eon rolls. 

In order to ascertain whether the structures exhibited by the 
deformed marble were those possessed by the limestones and marbles 
of contorted districts of the earth's crust, a series of forty-two speci¬ 
mens of limestones and marbles from such districts in various paHs of 
the world were selected and carefully studied. Of these, sixteen were 
found to exhibit the structures seen in the artificially-deformed marble, 
1ft these cues the movements had been identical with those developed 
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in the Carrara marble. In six other cases the structures bore certain 
analogies to those in the deformed rock but were of doubtful origin, 
while in the icmaiwng twenty the structure was different. 

The following is a summary of the results arrived at:— 

1. By submitting limestone or marble to differential pictures ex¬ 
ceeding the elastic limit of the rock and under the conditions described 
in this paper, permanent deformation c<ui lie produced. 

2. This dcfoinution, when carried out at ordinary temperatures, is 
due in part to a iatacl<u>tic structure and in part to twinning and 
gliding movements in the individual ciystals compiling the rock 

3. Both of these stiuctmos are seen in contorted limestones and 
marbles in nature. 

4. When the deformation is earned nut at 300° C, or better at 
400° C , tho cataclastic structure is not developed, and the whole move¬ 
ment is due to changes in the shape of tho component ealcito crystals 
by twinning and gliding. 

5. Tins lattei movement is identical with that produced in metals 
by squeezing or hammering, a movement which in metals, as a general 
rale, us m marble, is facilitated by increase of temperature. 

6. There is therefore a flow of murble just as there is a flow of 
metals, under suitable conditions of pressure. 

7. Tho movoment is ulso identical with that seen in glacial ico, 
although in the latter case the movement may not be entirely of this 
character. 

8. In those experiments the pi osenco of water was not observed to 
exert aiiy influence. 

9. It is believed, frofn the results of other experiments now being 
carried out but uot yet completed, that similar movements can, to a 
certain extent at least, be induced in grumte and other harder crystal¬ 
line rocks. 


“ Lines of Induction in a Magnetic Field.” By H. S. Hele-Shaw, 
F.R.S., and A Hay, B.So Received June 13,—Read June 
21,1900. 

(Abstract.) 

When a viscous liquid flows in a thin layer between close parallel 
walls, the motion takes place along stroam-linee identical with thoee of 
a perfect liquid. The course of the stream-lines may be rendered 
evident by injecting into the clear liquid thin bands of ootyired liquid. 

If the thickness of the liquid layer be varied, then there will be a 
decrease of resistance to the flow wherever there is an'increase of 
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thickness As a consequence, there will be a conveigence of tho 
Btieam lines oil the area of greatei thickness 
When oxpenments with liquid liycre of variable thickness were first 
tried, a geneial lesemblauto wis noticed between tho streamlines so 
obtained and the lines of induction due bo tho piteeiuo of a pcimciblo 
sulutanco in i unifotm nngnetu field 

The mini object of the piesont piper w is to investigate iccui itely 
whcthei complete coirtspondoncc In tween the two i ibu> icdly existed, 
and, shoidd lonespondcmo lie estihhshcd, to ippl> tho method to the 
solution of a numbci of two dimension il nngnetu pi oblcrns I he 
mvostigition thus involved— 

(1) A nnthematieil ticitment at the subject by moans >f which 
plotted diagiams eoull le obtained foi comp uison with experimental 
results 

(2) Tho const! uition of ippai itus cipiblo of giving exut results 
which could be photogi iphed 

(1) The investigation of tho hws connecting the i ito of flow with 
tho thickness of film of tho liquid used 

The theoretic d c ise selecte 1 as i tost case w is that of in elongated 
elhptic cylinder placed with its mijoi axis ilong the field tho 
permeability lemg assumed to lie 100 Tho lines of indue tion for this 
cabe aio shown in the accompinymg diigrmi and wue calculited and 
plotted by the method explained m the pijiu 


Dtacram 



li, fob the moment, we assume that the liquid stream lines are 
identical with fanes of magnetic induction, then the following corre¬ 
spondence between the two oases bolds — 
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Liquid Flow. 

(a) Pressure gradient. 

(b) Kate of flow per unit width of 

liquid layer. 

<() Katio of (b) to («). 


Magnetic Induction. 

(*) Magnetic intensity or force. 
(fi) Magnetio induction. 

(y) Permeability =» ratio of (Ji) 
to (a). 


From this it is evident that the permeability corresponding to a 
given ratio of thicknesses of the liquid layer is giien by the latio of 
the rales of flow, pur unit width of layei, for the two thicknesses, 
assuming the same pressure gi.ulient for both. Tlie connection 
lietween the rate of flow and the thickness foi a given gtadient of 
pressure was carefully investigated in a senes of pielmnnary oxpoii- 
raents, and it was found that the rate of flow tailed as the ink of tho 
thickness—a rcsidt which was afterwards confirmed by a thcoietical 
investigation The permeability in the magnetic problem is thus given 
by the ratio of tho < ulu s of the two thicknesses. 

A htt cam-line diagiam corresponding to the theoretical diagram 
given above was next obtained, and on superposing tho two it was 
found that their lines were practically coincident. 

The soundness of tho method us applied to two-dimonsional piobloms 
in magnotic induction having beon thus established, the authors pro¬ 
ceeded to apply it to a number of apodal cases, many of which could 
not be successfully attacked by any othoi method. The paper is 
accompanied by a laige number of photogmphs, showing tho results 
obtained. Some of these are of importance from an electiical-engi- 
neering standpoint. 

The method described is tho only one hitherto known which enables 
us to determine the lines of induction in the substance of a solid 
magnetic body. It is equally applicable to two-dimensional problems 
in magnetic induction, electrical flow, and heat conduction. 


“ The Distribution of Molecular Energy.” By J. H. Jeans, B.A., 
Scholar of Trinity College, and Isaac Newton Student in the 
University of Cambridge. Communicated by Professor J. J. 
Thomson, F.R.S. Received .Tune 14,—Read June 21,1900. 

(Abstract.) 

This paper attempts to examine the well-known difficulties in con¬ 
nection with the partition of energy in the molecules of a gas. A 
definite dynamical system is first considered, an ideal gas in which the 
molecules are loaded spheres, that is, spheres of radius a, of which the 
centre of mass is at a small distance, r, from the geometrical centre. It 
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is shown by direct methods that the energy will, after an infinite 
time, distribute itself equally between the fivo degrees of freedom, 
but when a wave of sound is passed through the g.w, the energy will 
never have sufficient time to attain to its eqmlibi ium distribution. It 
is shown that sounds of diffeient period will Ikj propagated with appic- 
ciably different velocities, except m tlio extreme case m which the ratio 
of > to u is almost, but not necessarily quite, zero In this case, the 
ratio of the two specific floats, as determined fiom imliiect experiments 
on the volouty of sound, woidd be !'•{, while dimt experiments might 
give any value from 1- to lj, the value varying with the duration of 
the experiment 

It is suggested that an escape fiom this dilemma is made possible by 
regai ding tho molecules as foinnng an incomplete dynamical system, 
of which tho ether is tho lemaimng put. Foi purposes of illustration, 
it is imagined that tho mteiaction between the two pirts of this com¬ 
plete systom eoribists of a frit tinnal force whieh retards the rotation of 
the molecuios. A steady state is now impossible, but it is shown that 
when the energy temperatuio) of the gas is sufficiently low, the 
g«ts tends to assume an approximately steady state, in m Inch tho energy 
of rotation vanishes in comptrison w ith that of translation 

It is then shown that these conclusions may be generalised, so as to 
apply to a more complex system of molecules, those molecules possess¬ 
ing an indefinite munlier of degrees of freedom, and internal potential 
energy as well as kinetic. Tho molecules overt fro < os on ono another 
at any distance, and the radiation is of a more general typo than 
before. 

In I’art III some of tho physical consequent es of the view hero put 
forward are examined. The final conclusions me briefly as follows:— 

The degrees of freedom must bo weighted, not counted. The weight 
of a degree of freedom may be anything lietwccn unity and zero, and 
may viuy with the tempciature. A dogreo of freedom which does not 
radiate oneigy will always ho of weight unity; for a lion-luminous 
gas, ono which docs ladiato energy when tho gas is heated is of weight 
zero. 

As the gas is heated, the radiation and internal energies will in¬ 
crease much more rapidly than tho temperature, until finally, at infinite 
temperature, the energy is distributed oqually between all degrees of 
freedom. 

Finally, it is pointed out that this view is in accordance with ordin¬ 
ary thermodynamics for ^ non-luminous gas, hut that the ordinary 
thermodynamics must be supposed to break down above the tempera¬ 
ture of incandescence, a view which has already beon put forward, in a 
modified form, by Wiedemann. 
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“ On tlio Capacity for TTcat of Water between the Freezing anil 
Boiling Points, together with a Determination of the 
Mechanical Equivalent of Heat in Terms of the International 
Electrical Units —Experiments by the C’ontinuous-flow 
Method of Calorimetry peiformed in the Macdonald Physical 
Lahoratoiy of Meflill University, Montreal” By Howard 
Turner Barnes, MA.Be., D.Sc*. Joule Student. Communi¬ 
cated by Professor H L. Oallendar, FllS Received June 
13,—l’ead Juno 21, 1900. 

(Abstract.) 

At the Toronto meeting of the British Association in 1897, a new 
method of calorimetry was proposed by Professor Callendar and the 
author for the determination of the specific heat of a liquid in terms 
of the international electrical units. At the Dover meeting in 
Septemlier, 1899, some of the general results obtained with the 
method for water over a part of the range lietwoen 0° and 100° 
were communicated, with a general discussion of the liearing of the 
experiments to the work of other observers. In the present paper 
the author gives a summary of the complete work, in the case of water, 
to detormine the thermal capacity at different temperatures between 
the freezing and boiling points. 

Theory of the Method. 

If a continuous flow of liquid in a tulie he made to carry off a con¬ 
tinuously supplied quantity of heat EC, in electrical units, then after 
all temperature conditions have become steady 

J<Q(0,-0»)<+(0i -0 o )ht - EC< 

where 

J - mechanical equivalent of heat, 

Q - flow of liquid per second, 
s » the specific heat of the liquid, 

4, - the temperature of the liquid flowing into the tube, 

0i - the temperature of the liquid flowing out of the tube, 

A - the heat loes per degree rise of temperature from the liquid 
flowing through, 
t - the time of flow. 

In the case of water, E represents the E.M.F. across an electrical 
heating conductor in the tube, and 0 the current Sewing. In this 
ease, which is treated of entirely in the present paper, Ji is replaced 
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by 4 2 (1 ± 8) whero 8 is a sm ill quantity to bo detei mined and vanes 
with the thermal capacity of tho w iter which is not exactly equal to 
4 2 joules at ill points of tho range 
Substituting in the goner il equation rearranging teims and dividing 
through by t the equation is given in tho following form — 

4 2Q(0, 0)8 + (0j 9)h - *C-4 2Q(0! 6) 

which is terme 1 the goieiol difference equation of the method The 
two terms 8 in 1 h m i> bo determined bj using two \ dues of Q gmng 
two equations of the f rrn 

4 2Q (0i+ 0)8 4(0i 0)/ = FA 4 2Q(0, 0 O ) 

4 2Q^0 0 )* + (0 0)h FJD 4 2Q (0 2 0„) 

lor the same aaluo of 0 if tho olottneal supply fit Ihe two flows 
is regulated so that 0] 0j then 6 8 8 in 11 y elimm iting h, 

8 - (*A 4 2 Qi(0, 0») ) (EC 4 2 (j(0, $ 0 )) 

42 W Q)(0. 0o) 

which corrospon Is to the me in temperature 



where (9 X - 0 O ) is not too great 

In the present method the flow tube is of gl ws alxmt 2 mm m 
diameter connected to two larger tubes forming an inflow and an 
outflow tube in which the temperature of tho water is read by a 
differential pair of platinum thermcmotois leforo and after being 
heated by tho electric current A glass vacuum jacket surrounds the 
fine flow tube and a part of the inflow and outflow tul es to reduce the 
heat loss as much as possible A coppei water jacket encloses the 
inflow tubes and vacuum jacket m order to maintain the glass surface 
of the vacuum jacket always at a constant temperature equal to the 
inflowing water The heat loss from the water is then the loss due to 
radiation from the flow tube through the vacuum jacket, and conduC 
turn from the ends of the flow tubes 
In testing the accuracy of the method the dependence of the beat 
loss on the rue of temperature was found and the dependence of the 
heat loss on the flow 

Measurement of Fundamental Constants 
The electric heating current supplied to the wire conductor in the 
fine-flow tube was taken from four large SOO-ampete hour acct&ralators 
It waa pawed through a standardised resistance in senes with the Wire 
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conductor and in addition a specially constructed rheostat, by which 
small adjustments to the circuit could be made for regulating the heat 
supply. 

The measurement of the different constants entering into the 
general differento equation of the method is treated of mider two 
heads, Electiical and Thermal. In the first, the Clark cell and resist¬ 
ance form the print ipal measurements, and in the second the measure¬ 
ment of temperature, time, and woight Live to 1 h* considered. An 
exceedingly act urate potentiometer was employed to determine the 
difference of potential across the resistance anti cidorimotei in terms 
of tho K M.F of tho Chirk cell 


EtfMiinrnUtl Pi oof of the Theory of the Mtthoth 
In this section tho author shows that the dependence of the heat 
loss per dogreo riso 111 the caloiimoter varies ui a linear relation to the 
flow in proportion to 4 2 QS lieyond certain limits of flow, and that 
this is essential for tho fulfilment of the theory of the method For 
very small flows tho conduction effect at tho outflow enrl, duo to tho 
riso of tomporaturo in the water, appears and causes tho line repre¬ 
senting tho relation of heat loss to flow to approach an infinitely large 
value of the heat loss for a zero flow. The limits of flow chosen in the 
present measurements are safely included withm the linear relation. 

Tho r elation of the heat loss to tho rise of temperature shows that 
for rises of from 2’ to 8' and beyond, tho heat loss is directly pro¬ 
portional to tho rise. Tho thermal capacity of tho calorimeter is cal¬ 
culated, and it is shown that for the small changes m the temperature 
of the ealorunoter during an experiment this is negligible. 


Effect of Streiun-huc Motion. 

Some of tho earlier results are given in this section, showing tho 
effect of stream-line motion on the distribution of heat throughout 
tho water column for a caloriraetei with a 3-mm.-bore flow tube for 
different flows. The temperature of the heating wire used for these 
experiments is also calculated, and found to vary considerably when 
moved from the centre to the sklos of the tube. It was found neces¬ 
sary to thoroughly stir the water in its jiassage through the flow tube, 
in order to ensure a perfectly* uniform temperature throughout the 
water column. 


Preliminary MtamremenU. 

The preliminary measurements of the value of J, which were madtf 
in the summer of 1898, were affected by the presence of stream-line 
motion in thq tube, as at that time no device was introduced to 
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obviate it. Owing to the calorimeter which was used then, however, 
having only a 2 mm.-bore flow tube, the effect was not so large as for 
the tube with a 3 nun. bore. The value which corresponds to a tem¬ 
perature of the watei of .30° C. is 4'180G joules, which agrees to 1 part 
in 2000 with the later and more accurate measurements which were 
obtained for all the calorimeters with the various devices for elimi¬ 
nating tho stream-lines. 


Kjjtrnmaiti Murat, 0° iml 100°. 

In this section tho complete list of fifty-five tables is included, 
giving upwards of foity-fivo complete experiments at different parts of 
the range. Tho experiments have extended over just a yoar, and 
divide themselves naturally into oight separate series. The results 
with different calorimeters and with different rises of temperature are 
included. Summarising the results and plotting tho values of 3 for all 
the experiments, the following values of 3 and the corresponding 
values of J arc obtained from the smoothed curve:— 

Summary of tho Specific Heat of Water from Smoothed Curve. 


Temperature. 

°C 

i. 

J. 

5 

+ 0 00250 

4 2105 

10 

- 000050 

4-1979 

15 

-0-00250 

4-1895 

20 

-0-00385 

4-1838 

25 

-0-00474 

4 1801 

30 

- 0-00523 

4-1780 

35 

-0 00545 

4-1773 

40 

- 000545 

4-1773 

45 

-0-00520 

4-1782 

50 

-0-00480 

4*1798 

55 

-0-00430 

4*1819 

60 

-0*00370 

4*1845 

65 

-0*00310 

41870 

70 

- 000245 

4*1898 

75 

-0-00180 

4*1925 

80 

-0-00114 

4*1964 

85 

-0-00043 

4*1982 

90 

+ 0*00025 

4*2010 

95 

+ 0*00090 

4*2038 


Mean value . 

. 4*18876 


The values of 3 represent the specific heat of water in torus of a 
thermal unit equal to 4*2000 joules, which occurs at 2° C. It is more 
you urn. t 
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suitable to select a thermal unit at a more convenient part of the 
scale. The moan value of tho mechanical equivalent of heat from 
these measurements over the whole range is 4-1887G joules, which is 
very nearly equal to tho value at 16’ C, which is 1 1883 joules. It 
seems desirable to select a unit at a tomporature which, if at the same 
time at a convenient part of the scale, may bo equal to the mean value 
over the whole scale. Tho author has in consequence adopted a unit 
at 16° C , and has expressed the specific heat of water in the following 
table in terms of this unit:— 

Variation of tho Specific Heat of Water in Terms of a Thermal Unit 
at 16° C 

Temperature Obspnod ialuo* Culculntcil liiluen 


5 

1 00530 

1 0041C 

10 

1 00230 

1 00206 

1R 

1 00030 

1-00021 

20 

0 99895 

0-99894 

25 

0 99806 

0 99807 

30 

0-99759 

0 99757 

35 

0-99735 

0 99735 

40 

0-99735 

0-99735 

45 

0-997G0 

0 99757 

60 

0-99800 

0 99807 

56 

0-99850 

0-99894 

60 

0-99910 

0 99910 

65 

0-99970 

0-99972 

70 

1-00035 

100036 

75 

1-00100 

1-00100 

80 

1 00106 

1 -00166 

85 

1-00237 

1 00233 

90 

1 00305 

1-00301 

95 

Mean.... 

1-00370 

.. 1-00012 

1-00370 


In expressing the results in a formula it is impossible to fit any one 
simple expression over tho whole scale. It is seen that the curve fells 
rapidly from 0°, passes through a minimum point at 37‘6°, and in¬ 
creases again less rapidly towards 100°. Two formulas can be fitted 
very accurately over the scale. Between 6° and 37-5° C. the following 
expression in terms of a thermal unit at 16° is found to read, 

S - 0-99733 + 0-0000036(37-5 - 0*+ 0-00000010(37-6-O'. 

The same formula holds between 37*5° and 66* by simply consider- 
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ing all values of the cubical term positive. Abovo 55“ the simple 
formula 

S - 0-99850 + 0 000120 (<-55")+ 0 00000025 (f-55)^ 
holds with great accur.ity. 

Both these formula; .ire given for comparison in the second table. 
They fit very closely except Inflow 5", where the spocific heat curve 
increases more rapidly. These lower values are within 1 part in 1000, 
however. 

A summary of the values obtained for the radiation loss shows that 
the alwolute value for any one < alonmeter cannot be relied on to an 
order of accuracy greater than 1 part in 1000 over extended periods. 
This is pnrtiuilaily true when the tompeiatnro of the caloiimeter is 
widely changod It was found most essential to always eliminate the 
heat loss from at least two different flows in order to bo completely 
independent of its absolute value. The complete independence of the 
results from the value of the heat loss, ptovided this remained con¬ 
stant throughout the time of an experiment, was shown by employing 
calorimeters with different degrees of vacuum involving widely differ¬ 
ing values of tho heat loss The temperature coefficient of the radia¬ 
tion loss was found to be almost exactly linear over the range of these 
experiments. 


Relation to the JFoik of othr Obsiini-. 

It is at once apparent that tho value of the mean mechanical equiva¬ 
lent of heat obtained from these measurements, which is 4-1887C joules, 
is somewhat larger than tho exceedingly accurate and trustworthy 
measurements of Reynolds and Moorby. Their value, which is 
4-18320 joules, is lower by 0-132 per cent., or a little over 1 part in 
1000 . 

It is evident that this error may be attributed to the neglecting of 
some correction factor m the present series of experiments at the 
extremities of the range, which would cause the variation curve to 
inorease more rapidly than it truly doos; hut from the order of accu¬ 
racy with which the theory of the present experiments holds at the 
extremities of tho range, it is far more likely that the variation 
curve is correct, and that the difference in the two results is to be 
attributed to an error in one of the constants. The thermal constants 
employed in the two different experiments are referred to the same 
values, hut the introduction of the value of the electrical units into 
the present series of experiments, which do not enter into the calcula¬ 
tion of Reynolds’s and Moorby’s result, renders it highly,probable 
that the error is to be looked for here. In view of the immense 
amount of labour expended in establishing the value of the inter- 
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national ohm, it is probable that the error is not there. The recent 
work on the absolute value of the Clark cell, which is demanding so 
much attention just now, and which has so far given so many incon¬ 
sistent results, makes it very probable that the value of the Clark cell 
adopted in the presont work is in error. If this is so, then, as is 
pointed out, the value of the Clark cell must 1 k> taken as 1*43325 int. 
volts at 15' C., in order to bnng tho present senes of experiments, 
involving both the international volt and ohm, into absolute accord 
with the result by the diroct mechanical mothod of Reynolds and 
Moorby. 

Having considered tho ahovo relationship, the mean value of the 
mechanical equivalent given by Rowland’s expenments lietween 6 ’ and 
36° C. is compared with the same mean value from the present series 
of experiments over the same range. By expressing this latter value 
in terms of the value of tho Clark cell 1*43325 volts, or as maybe 
said in terms of Reynolds’s and Moorby’s determination, instead of the 
original value 1*43420 volts used in calculation, it comes equal to 
4*1817 joules. The value obtained from Rowland’s corrected curve 
is 4*1834 joules, which agrees with the present serios of experiments 
to 1 part in 2000. This is a discrepancy so small as to lie, if not 
within the limits of error of thoso sovoral determinations, at least 
negligibly small in comparison to the great range coverts! by the 
present series of experiments. 

By far the most difficult part of the present series of experiments 
is tho comparison of the absolute value of the mechanical equivalent 
of heat obtained from these experiments with the values obtained by 
the electrical mothod usod by Griffiths, and by Schuster and Gannon, 
even when our several results are expressed in terms of the same values 
of the units usod. There is every reason to believe that the values 
of the resistance standards used in the present work were the same as 
those used by both those investigators. It is also highly probable 
that the values of the Clark cells in the present series of experiments 
were in correct agreement with all the best results that have been 
obtained in setting up this electro-chemical combination. It is probable 
that the difference in the values obtained by Griffiths, and by Schuster 
and Gannon, from the value obtained in the present series of experi¬ 
ment^ must be attributed not to these, but to the radical difference in 
the methods of calorimetry. 
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“ Energy of Rontgen and Becquorel Rays and the Energy required 
to produce an Ion in Gases.” By E. Rutherford, M A., B.Sc., 
Macdonald Professor of Physics, and R. K. Mc.Cl.UNG, B.A., 
Demonstrator in Physics, McGill University, Montreal. 
Communicated by Professor J. J. Thomson, F R.S. Received 
June 15,—Read June 21,1900. 

(Abstract.) 

The primary object of the investigations described in the papor was 
the determination of the energy required to produce a gaseous ion 
when X rays pass through a gas, and to deduce from the result the 
amount of energy radiated out into the gas by uranium, thorium, and 
the other radio-uetive substances. 

In order to determine this “ ionic energy ” it has been necessary to 
accurately measure the heating effect of X rays and the absorption of 
Rontgen radiation in passing through a gas. 

The coefficient of transformation of a fluorescent screen excited by 
X rays as a source of light has also boon investigated, and a simple 
practical method of expressing the intensity of Rontgen radiation in 
absolute measure has been explained. 

The method adopted to determine the ionic energy was briefly as 
follows:—- 

The maximum current lietween two electrodes produced by the 
ionisation of a known volume of tho gas by the rays was determined. 

In order to ionise tho gas energy has to lie absorbed, and the 
intensity of the radiation falls off more rapidly than the law of inverse 
squares. Assuming that the energy of the radiation absorbed in the 
gas iB expended in the production of ions, then, knowing the coefficient 
of absorption of the rays in the gas, the total current produced by the 
complete absorption of the whole radiation given out by the bulb into 
the gas can be deduced. 

Let i - maximum current produced by the total ionization of the 
gas by the rays, 

» - number of ions produced, 

« - charge on an ion. 

Then « a «*. 

Let H - heating effect due to the rays when absorbed in a metal, 

E — total energy of the rays in ergs, 

Then E - JH, where J - Joulo’s equivalent. 

If W - average energy required to produce an ion, then 
nW - E - J.H, 
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The values of H and » arc experimentally determined, and, assuming 
the value of e, namely, 6*5 x 10~ lu electrostatic unit, determined by 
J. J. Thomson, the value of W iB found in absolute measure. 

In the course of the mvestigation the following subjects have been 
considered:— 

(1) Measurement of the heating oflocl of X i nys. 

(2) Efficiency of a fluorescent screen excited by X rayH as a source 
of light. 

(3) Alworption of X rays in gases at different piessiuos. 

(4) Determination of the energy required to produce an ion in air 
and other gases, mcludmg deductions on— 

(«) Distance between the charges of ions m a molecule. 

(b) Minimum potential difference required to pioduce a spark. 

(5) Energy of Becquerel rays and omission of energy by radio-active 
sulistancos. 

lleutm/ Ejfut oj X Jlny*. 

An automatic focus tube was employed, excited by a huge induction 
coil with a special form of Webnoldt lntcnuptoi giving fafty-seven 
breaks per secoml. Tbo liulb gavo out intense rays of a very pene¬ 
trating character. 

Tho heating effect was moasured liy determimng tho variation of 
resistance of a special platinum 1 tolometer vhen the rays fell upon it. 
A platinum strip, about 3 motres in length, 0 5 cm. wide, and 0 003 cm, 
thick, was wound on a light mica frame 10 cm. equate Two such 
“grids,”us similar as possible, weie constructed, and formed tho two 
armB of a Wheatstone bridge. A lmlance was obtained for a momentary 
pressing of the battery key, using a sensitiv u galvanometer. The rays 
were then turned on for 30 or 43 seconds, and the deflection from zero 
determined immediately after the rays were stopped. 

In order to measure tho heating effect, a current was sent for the 
same time as the rays acted through tho grid, and its value adjusted 
until the deflection due to the heating of the grid was tho same as for 
the rays. When this is the case the heat supplied per socond to the 
grid by the rays is equal to the heat supplied per second by the 
current 

Thus, heating effect of rays per second 0 24i J B calorie, where 
t - current through the grid of resistance It 

The grids were enclosed in a lead vessel with an aluminium window 
to let in the rays. The whole was surrounded by a felt covering, and 
^several aluminium plates intervened between the bulb and the grid, so 
that any heating effect, exoept that due to the rays, was completely 
aluninttod. 
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About 0-55 of the energy of the incident rays was absoihed in the grid. 
Some of the energy of the rays whs used up in oxcitmg secondary 
radiation at the surface of the platinum grid, hut the amount was not 
large, and was neglected in comparison with the total eneigy of the 
rays. 

The rate of supply of heat to the giid area 92‘2 sq. cm. at ,t distance 
of 26 cm. from the source of rays was 

0 00014 gramino-caloiio per second 

The total energy of the lays given out from the fiont surfaco of the 
platinum antikathode (omitting alisoiption of iayB in tho glass of bulb, 
in air and screens) was 

0 011 gramme-calorie per second, 
or 0'046 watt. 

The number of discharges per second was 07, and assuming 
10~ 6 second* us the aveiago duration of the lays during each dis¬ 
charge, tho maximum lute of omission of energy from the bulb 
= 10 5 calorios per second. 

The heating oftect of the sun’s iayB fallmg normally on 1 sq. cm. of 
surface - 0-035 calorie per second. Tho maximum late of emission 
of energy from an X-ray bulb is thus 560 times greatei than tho energy 
of the sun’s rays at the surface of the earth. 

Some experiments weie made on the heating effect of tho rays, using 
a thermopile, but it was found to he a very unsuitable instrument for 
such a determination. 

Ejficievcy ofu Flumcscent tir<en. 

Photometric comparisons were mado of the light from a fluorescent 
screen with that of tho standard Hefner-Alteneck amyl lamp, using a 
Lummor-Biodhun prism. With a screen of platinocyanide of barium 

Intensity of light from screen = 0-0206 
Intensity of light from amyl lamp 

Tumlirst has shown that the energy of tho visiblo light from an 
amyl lamp fallmg normally on 1 sq. cm. surfaco at unit distance 
- 0-00361 gramme-calorie per second. 

For X rays of the same intensity as were used in the photometric 
measurements, tho energy under the same conditions 
- 0-0028 calorie, 


• Trouton, ‘ Brit, A**oc Beport,’ 1896. 
t 1 WUd. Aos*l,‘ toI. 88, p. 640. 
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or the rate of emission of energy per second as visible light from the 
Hefner lamp is nearly twice the rato of emission of energy from the 
X-ray tube. 0-73 of the energy of the rays was absorbed in the 
screen. 

The efficiency of the transfoimation of X rays into visible light by 
the scroon (compaiod with the Hefner lamp) 

^ 0044 or 4*4 per cent. 

Assuming this transformation factor for a fluorescent scroon, two 
simple photometric measurements are required to oppress the energy of 
any bulb in absolute measure. The light from a fluorescent screen is 
first compared with the standard Hefner lamp. Tho absorption of the 
rays in the screen is determined by placing a pieco of the bcroen in the 
path of the lays. 

Let p = ratio of intensities of light from bulb and lamp, 

pi *= ratio of transmitted to incident radiation on tho screen. 

Then it is shown that the intensity in alrsoluto measure 


__ OOH^p g rammo _ ca i or j Q per socond. 

The absorption in the cardboard of tho screen is supposed to be 
negligible, but if necessary can be readily allowed for. 


Absorption of X Bays in Gavs. 

A null method was employed, as tho absorption of tho rujB in air at 
atmospheiic pressure was small. The rays passed throngh two long 
brass tubes with alumimum ends, and the current produced by the 
rays, after passiug through one tube, was balanced against the current 
due to the other. On exhausting one tube the electromotor balance 
was disturbed. From measurements of the deflection per second from 
the balance and the deflection per second due to the rays after passing 
through one tube, tho absorption can be calculated. The mean value 
of the coefficient of absorption of tho rays in air at atmospheric 
pressure was found to be 

0-000379, 

or the rays would pass through 24-7 metres before absorption reduced 
the intensity of the radiation to one-half. 

The absorption was found to bo proportional to tho pressure from a 
half atmosphere to three atmospheres. 

The coefficient of absorption in carbonic acid gas was found to be 
1*59 times the absorption in air. 
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Energy required to pmlm an Ion. 

The current produced when a given volume of the gas was ionised 
by X rays was determined by means of an electrometer. In order to 
get rid of the secondary radiations set up when X rays strike on a con¬ 
ductor, the rays passed between two charged parallel plates without 
striking them. A guard-ring method was employed to ensure 
nniformity of the electric field. 

The value of the ionic energy was deduced from the determination 
of the current, heating effect, and alworption of the rays. The mean 
value of the energy required to produce an ion in air at atmospheric 
pressure and temperature was found to 1» 

1 90 x 10 10 erg. 

This value is much greater than the energy required to produce 
hydrogen and oxygen ions in the decomposition of water. 

The ionic oneigy of air was found to lie approximately the same 
from pressures of one-half to three atmospheres. 

. The method of determining the ionic energy for other gases is 
described, and the evidence that the “ ionic energy ” is the same for all 
gases is discussed. 

Distance between the Charges of the Ions in a Molecule. 

On the assumption that the energy absorbed in producing an ion is 
due to the work done in separating the ions against the forces of their 
electrical attraction, it can be shown that the moan distance between 
the charges of the ions in the molecule is 
1*1 x 10~" cm. 

This is only of the probable diameter of the atom. This result is 
in accordance with the view recently advanced by J. J. Thomson, that 
ionisation is produced by the removal of a negativo ion from the mole¬ 
cule, and that the negative ion is only a small fraction of the mass of 
an atom. 


Minimum Potential required to produce a Spaik. 

If the production of ions is necessary before a spark can pass, it can 
readily be deduced from the value of ionic energy that a spark cannot 
pass for a potential difference less than 175 volts. Experiments have 
shown that the minimum value is over 300 volts. The theoretical 
value is of the same order, but from the complexity of the phenomena 
* very close agreement could not be expected. 
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Emission of Energy from Eadto-artive Substance*. 

The velocity of the ions produced by Rontgun and uranium radia¬ 
tion in air has boon shown to lie the same. Tho ions are thus probably 
the same, and it is a reasonable assumption that the same energy is 
required in both cases to produce them. On this assumption the 
energy radiated by the radio-active sulistanees can be determined. 

The radio-active material was spread over a known area and the 
maximum cun out produced between tho puiallel plates determined. 
The number of ions produced, and consequently the energy to pro¬ 
duce them, cun be calculated. 

For a thick layer of uranium oxide (3 6 grammes spread o\or a sur¬ 
face of 3K cm.) tho energy radiated into the g.is for 1 sq. cm. of the 
surface is 

10~ 11 calorie per second 

This amount of energy would suffice to raise 1 c.c. of water 1“ C. in 
3000 years, assuming no loss of hoat by radiation. Fiom observa¬ 
tions on tho current duo to a very thin layer of uranium oxide it is 
shown that tho energy radiated into the gas is not less than 0 032 
calorie per yoar for every giamme of the sulwtanco. 

The energy radiated from thotium and radium is also considered, 
and the presence of tho rays from ladium deflected by a magnet is 
taken into account. 

In the case of radium, which is 100,000 times moro ladio-activo than 
uranium, the emission of energy pet grammo of tho substance is not 
less than 3000 calories per your. 


"On Expressed Yeast-coll Plasma (Buchner’s ‘ZymaseBy 
Allan Macfadykn, M.I)., G. Hamis Mokkib, Fh.D., and 
Sydney Rowland, M.A. Communicated by Sir Hbnby E. 
Roscoe, F.R.S. Received .Tune 19—Read June 21,1900. 

(First communication.) 

Introduction .—In 1897 a communication was published by Professor 
E. Buchner* in which he described a method by means of which he 
claimed to have isolated for the first time the active alcoholic ferment 
from the yeast-cell and to have demonstrated its action upon fer¬ 
mentable sugars. Since then Buchner, mainly in conjunction with 
Rapp, has from time to time given an account of his further investiga¬ 
tions in this direction, and these investigations aro still in process. 

• ‘ Benohte d. deaUch. Ch«m. Ge*V 1897, p. 117. Tide aim luoceedbig papan, 
1897—1900, ibid. 
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Them further investigations, Buchner considers, ure confirmatory of 
the conclusion drawn by him from his original experiments, vis., that 
the activity of the yeast-cell as an alcoholic ferment depends upon the 
action of a soluble enzyme of an albuminoid character elaborated by 
the living cell To this soluble ferment Buchnor applies the 
namo “ Zymase.” 

Tho subject presented an many pluses not ouly of special but also 
of general biological iuteicst that we woic led to pursue its investiga¬ 
tion. We considered this the more necessary since Buchner’s experi¬ 
ments wcie carried out entirely with liottom-iormentation yeasts, and 
it appealed of interest to ascciUun whether top fermentation yeasts 
(as used m English brewing) give parallel results. At tho outset wo 
cai efully adhorod to Buchner’s method of expressing the coll plasma; 
but owing to tho tediousncss of the piocess wo were led, after many 
attempts, to adopt the following an alignment for the exti.ictioii of the 
coll plasma or juice. 

Mithwl of Prrpaiatiou of Hu Oil Plasma. - Tho yeast ns received 
from the brewery is a thick, pasty, fiothy mass, consisting of yeast- 
cells intermixed with more or loss fermented wott. For the purpose 
in' view it is necessary to soparnto tho yeast-cells fiom all adherent 
matter w Inch would by its presence influence the composition of the 
expressed juices. The purification of tho yeast is thus H necossaiy 
preliminary operation, and is accomplished as follows •- 

To the pasty mass of crude yeast is added an equal pait of water 
and the mixture stirred togothei. This suspension of yeast-cells is 
then contrifugalisecl, whoi oby tho contained tolls are separated as u 
thick creamy mass at tho l>ottom of the containing vessel Tho super¬ 
natant liquor is decanted and the mass of cells again stiried into a 
suspension in a fresh quantity of water. Tho mixture is again centri- 
fugalised, and the process repeated until tho last added watoi comes 
away clear uml colourless. The final product of this process is a firm 
mass of yeast-cells closely packed together, with a minimal quantity of 
adherent water. It is necessary to remove oven this quantity of 
water if a natural juice is to bo obtained. The pasty mass of yeast is 
wrapped in a double thickness of “hydraulic chain cloth” and intro¬ 
duced into one of a series of shallow iron trays, so constructed that the 
pile can be strongly compressed m a hydraulic press and the expressed 
liquor run off. In this process, which is a modified form of filtor- 
preuing, the last adherent poitions of water are removed from the 
yeast-cell, and the mass of yeast as removed from the cloths appears as 
a perfectly dry white powder, consisting of yeast-cells with approxi¬ 
mately dry exteriors. Tho pressure necessary to produce this result is 
from 70—100 atmospheres. 

The disintegration of the yeast-cell is the next process. This is 
a ccom pl is h ed by a mechanical contrivance which maintains the yeast. 
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together with a proportion of added silver sand, in a condition of 
violent agitation, in such a manner that in the rapidly succeeding 
mutual impacts of ycast-cell and sand-particle the cell wall » ruptured 
and the contents expelled * 

If tho dry mass of yeast and sand be watched while disintegrating 
it will be seen to become rapidly pasty, and through successive stages 
of viscidity it finally roaches a perfectly fluid condition. A micro¬ 
scopical examination at the end of tho process fails to discover any 
whole cells. During the continuance of this process, and in fact 
during the whole time that elapses Ixjtwoen tho lupture of the first 
cell wall and the examination of tho final product, the material is kept 
cool by means of a brine circulation. The brine is maintained at a 
temperature of - 5° 0. hy means of expanding anhydrous ammonia. 
This suffices to keep the disintegrating mass at alxmt 15° C. If this 
precaution is not adopted the temperature will rit>o to nearly boiling 
point, owing to the mechanical production of heat by the impicts and 
friction of the disintegiating mass. 

It now remains to soparato the escaped intracellular juices from the 
suspended cell walls. This is accomplished by a repetition of the 
same process by which the adherent water was removed from the 
original yeast. To reduce the mass to a consistency capable of being 
dealt with by tho press, kieselguhr is added (Buchner uses this sub¬ 
stance together with sand for grinding). Tho addition of this substance 
also serv es as a filtering material, and allows the expression from the 
doughy mass— as fiom a sponge—of a perfectly dear opalescent pro¬ 
duct in which no suspended particles can bo discovered. A pressure 
of from iOO—300 atmospheres is requisite to oxpress the contained 
fluid. Such are tho main outlines of the method which has been 
adopted in the preparation of the juice on which the observations that 
follow were made. 

It may be useful to givo figures representing the method as it 
operates in practice on an avoragoly successful preparation. 

From 100 grammes of driod and pressed yeast will be obtained 
from 30—35 c.c. of expressed juice. Tho weight of sand employed 
for grinding will be 100 grammes, and the weight of kieselguhr 
necessary to reduce the ground mass to a suitable consistency for 
pressing will be about 80 grammos. Tho specific gravity is usually 
from 1050—1060, and the time necessary to completely disintegrate 
the above quantity of dried yeast is usnally 3^ hours. 

The physical properties of the juice correspond closely with those 
described as characteristic by Buchner. The contained proteolytio 

* The precise details of this process, which has been successfully employed for 
the disintegration of mioTo-orguisms, internal organs, glands and anscla fibres, 
wlil form the subject of a separate paper, 
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enzyme was of a very active character, and produced a rapid digestion 
of the proteid constituents of tho juice. 

It occasionally happens that great roluctanco is displayed by the 
juice in leaving the kioselguhr sponge whon under pressure. This 
has most frequently happened with very new yeasts -that is, yeast 
skimmed from the fermentation vats and used directly for the pre¬ 
paration of tho juice. Thero is somo evidence to lead us to suppose 
that this difficult} is correlated with a similar difficulty which is met 
with when attempting to prepare as near tho living condition as 
possible an intracellular jnico of an organ or tissue. For instance, a 
liver removed from a dog at tho moment of death and at ouco disin¬ 
tegrated will yield no juice on pressing, even if tho pressure be raised 
to a thousand atmospheres or more, whereas a liver not so fresh will 
yield its juice without difficulty. That kiesolguhr has the power of 
arresting the passage of ccitain albuminous bodies can easily be 
demonstrated. Thus wo have found that egg globulins are almost 
entirely rotoinod in a kioselguhr sponge, and even.albumin and serum 
proteids aro rctainod to a certain extent. It therefore is suggested 
that the juice that was used in tho following woik was in every case 
far removed in nature from tho condition in which it existod when 
alive within tho ycast-cell; but on the other hand it is much nearer 
the living condition than that obtained by Buchner, owing to the fact 
that he employed water to oxtract his juice, and water as will be 
shown has a decided action on tho juices we obtained. 

We are thei efore placed in the difficult position that those condi¬ 
tions in which the juice is nearest its living condition are just those 
when it cannot lie obtained by tho convenient method of pressing. 
Under such circumstances resort must be had to centnfugalising; but 
the prooess is tedious in the extreme, and by the time it is completed 
in all probability the juice has altered in composition. We hope soon 
to be m a position to overcome this difficulty. 

Properties of the Cell Plasma .—In the course of our experiments we 
employed yeast from five different breweries, which wo will designate 
as A, B, C, D, and E. The first three (A, B, and C) were breweries in 
the London district, D was in the south of England, and E was one of 
the very few bottom-fermentation breweries in this country. The 
greater number of our experiments were made with yeasts from A 
and B, the yeasts from C, D, and E I»ing only used in one or two 
instances. 

From the outset we found that in practioally all cases the juice 
obtained from the yeasts freely evolved gas, both when standing alone 
and with the addition of sugar. Our results in the latter respect were 
fully equal to, and in some instances surpassed, those of Buchner. 

We were, however, early confronted with the fact that the auto- or self 
fsrmentatum of the juice gave rise to a considerable volume of gas, a 
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volume which in many cases exceeded that given by the same amount 
of juice to which sugar had been added. This auto-fermentation 
apparently escaped the observation of Buchnor, who only incidentally 
refers to it in one of Ins papers, and who does not appear to have 
made any correction for the gas evolved fiom the juice itself in any 
of his experimental lesults The extent to which this fermentation 
occurs may be seen from the subsequent tables (Tables I and II), m 
one expeumcnt, for instanro, 100 c.e. of tho fresh juno gave no less 
than 2'9R grammes or 1500 c.c. of rail ton dioxide. This spontaneous 
evolution of gas takes place even when tho juico is kept at a tempera¬ 
ture sufficiently low to maintain it in a solid condition. In all prob¬ 
ability tbo gas which Buchner mentions as being evolved on heating 
“ Zymase " is due to this causa. 

In onr oarlier experiments wo determined tho carbon dioxide evolved 
from tho juice alone, or fiom its admixturo with sugar, by measuring 
the volume of saturated salt solution which was displaced by tho gas , 
but later we adopted a modification of Hart’R doublo titration method, 
in which the carbon dioxide was absorbed by sodium hydroxide 
solution, and tho amount determined by doublo titration. 

Tn the uxpeiimcnts on tho relationship of the carbon dioxide and 
alcohol formed, wo absorbed tho oarhon dioxide evolved in 33 per 
cent, potassium hydroxide solution contained in Mohr’s potash bulbs 
Tho alcohol formed in thoso experiments was estimated by distillation 
and determination of tho specific gravity of tho distillate, the weight 
of absolute ahohol corresponding to the gravity of the distillate being 
then found by reference to spirit tables. 

Control experiments woro made in all cases—that is to say, w hen we 
were determining the amount of carbon dioxide or of alcohol, formed 
by any juico from sugar, a corresponding quantity of tho juico was 
placed under identical conditions, but without the addition of any 
sugar, and the amount of gas evolved or of alcohol formed was care¬ 
fully determined by the same methods as those used in the experiments 
in the presence of sugar. We employed antiseptics to inhibit the 
possible action of yeast-eells or other micro-organisms, tho nature of 
the antiseptics used depending on the object of the experiment The 
antiseptics principally employed were sodium arsonite, toluol, and 
thymol, all at the rate of 1 per cent. 

In our earlier experiments wo employed 40 per cent, of cane-sugar, 
this being the concentration which Buchner first considered the most 
favourable j but we subsequently reduced this to 10 per cent., as we 
found that greater action was obtained with the lesser concentration. 
In fact, ^the larger amount of sugar appeared to exercise a retarding 
influence on the activity of the juice. 

Nature Jtemlis obtained .—In Table I we give the results of some of 

our experiments, in which the gas evolved was measured by the die- 
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placement of salt solution The volume of gas evolved is expressed 
in this and tho following tables on 100 c.c. of juice, although the 
quantity actually used was, ns a rule, either 25 to 40 c.c. 

It will l>e noticed that in noarly every instance more gas was 
obtained from the auto-fermentation of the ]uice than front the 
fermentation in the presence of cane-sugar. This was usunlly the 
caso with the juice from tho yeasts of A, C, and D browencs; how 
far it is duo to the distinctive diameter of the yoasts or to tho high 
sugar concentration w e are at picsent not prepared to bay. Another 
point to be noted is tho great vai lation in tho activity of the juice 
from different samples of yeast. W r e noticod this throughout tho 
wholo of our experiments, but wo are unable to correlate it with any 
of tho physical propel ties of tho puce, such as gravity. Sic. It will 
also bo seen that by far the greater part of tho action is ut an end 
after twenty-four hours, thetc lieing either no further increase in tho 
amount of giu, evolved, or comparatively little This we also found 
common to tho majority of our experiments, as will lie seen from 
subsequent tables. 


Table I.—Volume of Caihon Dioxide ovolved by Cell Juice from 
difforont Yeasts, with and without the addition of Cane-sugar. 



• Toluol need m anlteeptie. t Sodium smalts used ss antiseptic. 

X In this experiment 10 per sent, eane-eugar wee employed. 




Table II —Influence of Age of \east on Activity of Juice 
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Influence of Age of Yeast on Actmty of Juice .—In Table II 
we give some of our results on tho influence of the age of the 
yeast, i.e., tho time which elapsed Ixjtwoen tho time of collection of 
the yeast in the brewery, and that of pressing and grinding, on the 
activity of the coll plasma obtained. The same table shows to some 
extent the influence of sugar concentration on tho amount of gt& 
ovolved. 

It will be seen that the results are very \ariablo, but that the 
general tendency is for tho activity of tho juice to increase to a 
certain point with the age of the yeast, the maximum being reached 
aliout the 3rd or 4th day from collection. After the maximum is 
reached thoro is a very rapid decline in the at tivity of the juice. Tho 
variation in tho amount of auto-fermentation is not so great, but the 
tendency of this is to follow tho same direction The results are 
shown (Ungrammatically in figs. 1 and 2, tho formor showing the auto¬ 
fermentation and the lutter the fermentation in piesence of sugar, 
both when the gas evolved from the anto-fei mentation is included and 
when it is deducted from tho total amount. 


Fig 1.—Shewing fclia influence of ago of yca»t on uuto-fermeiitotion after 
4H hour* 



This increase up to a certain point of the activity of the jnice with 
the age of the yeast is the reverse of that which takes place with bottom- 
fomentation yeasts, as described by Buchner and other Continental 
observers. 

Influence of Storage on Activity of Juice .—When the expressed juice is 
kept erven at or below free sing point, its power bothiof auto-fermenta¬ 
tion ahd of decomposing sugar rapidly diminishes. 

Influence of Amount of Sugar present .—We carried out a series of 

. vw* ixvn. tt 
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experiments to determine the most favourable concentration of sugar, 
the lesults show that the smaller amounts—5 to 10 per cent—give 
the most favoiuable results, whilst the 1 irgor quantities sensibly retard 
the ution, i ( , less gus is obtained from the puce plus sugar than from 
the puce done ihis piobably expluus to somo extent tho lesults we 


Fro 2—Showing the influent e of *(,« t rot't on the at hvity of «xprewed |uue 
sftir 48 hours 



obtained in our earlier experiments in which 40 per cent of sugar was 
employed Some of the results are shown diagrammatically m fig 3 
Influence of different Svqora —In order to determine if the nature of 
the sugar employed had any influence on the amount of gas evolved, we 
earned out a senes of experiments with cane-sugar, dextrose, maltose , 
and levulose at different concentrations, using the same sample of juice 
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for each set of experiments. The results, ns a whole, show that more 
carbon dioxide is given off from eime-sugur than from either of the 
other sugars. 


Fio- 3 —Allowing tho influence of iliffeieut corn-nitrations of sugar on gas 
ivolicd 



Influence of Tcmjtei altite —Wo made several experiments to ascertain 
the most favourable temporaturo for tho action of tho juice As an 
examplo of the results obtained, we may quote the following •— 

The juice was mixed with 10 per cent, of cane-sugar in the usual 
way, and there were obtained— 

At 0° C. ... 0-41 gramme of carbon dioxide in 48 hours. 

„ 10 . 0 83 „ „ 

„ 25 . 1 05 „ „ „ 

„ 37 1-17 „ 

The higher temperatures therefore appear to increase tho activity of 
the juice. • 

Influence of Ftltiatuni. —Iu order to'‘ascertain what influence, if any, 
filtration through Chamberland and Berkefeld filters had on the 
activity of the juice, wo oarriud out a series of experiments with 
different juices, carefully testing their gas-producing activity before 
and after filtration. Thymol was used as an antiseptic in each case 
The results are given in Table III, and it will be seen that filtration 
decreases to a considerable extent, but without entirely destroying, 
both the auto-fermentation and the action of the juice on sugar. This 
decrease in ga*evolving power is accompanied by a very considerable 
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fall in gravity of the juice. Those experiments agree with those of 
Buchner on the same point. 


Table III.—Influence of Filtration on the Activity of the Juice. 
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• In this experiment tlio filtration w«* through a Chnmberland filter i in the 
remaining experiment* a Berkefeld filter wm mc(l 

t After 72 hour* in tin* case | all the other* uftor 48 hour* 


Influnc* of Mutton —In considering the nature of tho action of the 
juice and of the agent to which the evolution of gas was due, it 
appeared important to ascertain the effect of dilution on tho action of 
the juice All experiments were conducted by adding tho weighed 
quantity of sugar to tho juice itself, so that no watei at all was intro¬ 
duced. If tho action were a purely enzymic ono, dilution to a limited 
extent should not appreciably affect tho result; whoreas if the action 
were due to other causes, it might bo influenced to a greater or lees 
extent. We accordingly carried out a series of determinations on 
dilution with water alono, with physiological salt solution (0'7fi per 
oei\£. sodium chlorido), and with water in the presence of cane sugar. 
The experiments with sugar were made in two ways: in the one, the 
sugar was added to tho juice in the usual way (10 per cent.), and 
water was then added to bring about tho desired dilution, the 
ratio of the sugar to juice being therefore kept constant; in the 
other, the dilution was made with a 10 per cent, solution of sugar, so 
that the ratio of sugar to tho total volume was maintained throughout. 
The results obtained are set out in Table TV. An examination of the 
results will at once show that the auto-fermentation of the juice is 
greatly influenced by dilution both with water and with salt solution. 
The addition of an equal volume of water sensibly retards the action. 



Table IV —Influence of Dilution on Activity of Juice 
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(d) With water in preeeme of 10 per cent 
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and, in some cases, dilution i nth a double win me practmdly stop* the 
enohttum of go*. "With salt solution, the action is still moro marked. 

In the presence of sugar the retarding action is still distinctly 
appai ent, especially vi hen tlio toneenti ation of the sugar decreases 
with dilution. In this case the effect of dilution is fully as markod as 
in the case of watoi .done or of Halt solution When the sticngth of 
the sugar solution is maintained constant, the retardation is still con- 
siderahle, hut not so great as m the other cases 

This paralysing effect of dilution on tho activity of the puce is so 
contrary to tho behaviour of enzymes in geneial under similar condi¬ 
tions, that in our opinion it foims a grave objection to the acceptance 
of Buchner’s enzyme thoory Since tho nlmvo experiments wero 
made, wo find that Wioblowski* has conducted dilution experiments 
with like rosults. 

In connection with tho question of the influence of dilution on 
enzyme action, it may he mentioned that when a samplo of six-day 
juice was diluted to 1 in 1000 with cane sugar solution, 50 5 per cent, 
of tho cano-sugar was found to bo inverted, whilst with anothor juice, 
throe days old, a dilution of 1 m 100 showed an inversion of 79 5 per 
cent, of the cane-sugar piesont Thisoffeis a great contrast to tho 
effect of dilution of tho juice on the production of carlion dioxide. 

Eat to oj Cm hou Jhoudc to ulliohol. —In connection with the question 
whether we hnd to do with a tme alcoholic fermentation, it became 
nnpoitaut to determine if carbon dioxide and alcohol wcic produced 
in tho proportions ordinarilj found, und if the amount of sugar which 
disappeared during tho experiment bore auy telation to the ulcohol 
and carbon dioxide. We earned out a large* number of experiments 
with a view to elucidate theso points, and the results of some of tho 
expenments are shown in Table V In experiments 1 to 5, the 
alcohol and carbonic acid estimations were made on the same fermenta¬ 
tion, but in experiments 6 to 15 we carried out dupbeate fermenta¬ 
tions, under identical conditions with the same jiuco, for the two 
determinations. Wo did this in order to ensure greater accuracy in 
the alcohol estimation, since the escaping gas could lie washed by 
passage through a little water, which was sulwequently added to the 
distillation flask. When wo wero estimating both products from the 
same experiment this was not possible. 

It will be noticed from the table that the juice as it comes from the 
press always contains a considerable amount of alcohol, and we found 
on examination that this agrees fairly closely with the amount of 
alcohol contained in the yeast, oven after the thorough washing and 
pressing to which it bad been subjected in the preliminary treatment. 

When corrections are made for the amounts of alcohol and of carbon 
dioxide formed during the auto-fermentation of the juice, the ratio 
• ‘Oontrslbl. f. Physiol.,’ 1809, p. 884. 



Table V —Showing Relation of Alcohol and Carbon Dioxide formed in Fermentations in the Cell jtuce 
The results are expressed on 100 c c of Cell juice 
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between the residual alcohol and the carbon dioxide is very variable, 
and only in cases in which a very active juice is employed does the ratio 
approximate to that found by Pasteur.* With awoak juice thoro appoars 
to bo little or no connection between the two, the amount of alcohol 
formed being, as a rule, greater than the carbon dioxide. Tho small 
quantities of alcohol to l>e determined may l>e thought to bo account- 
a tie for tho discrepancy Itotwocn tho two pnxbicts, but tho following 
exa 1 lple of a determination carried out in duplicate shows that our 
methods were capable of considerable accuracy. 

I. ir. 

G mnimc Gramme 

Carbon dioxido evolved . 0-327 0-337 

Alcohol formed . 0-95 0-95 

Sugar fermented . 1-167 1-158 

Otio very i emarkablc fact comes out in all the above experiments, 
namely, that the amount of sugar which disappears is greatly in etrea 
of that actually fermented, as deduced either from tho alcohol or from 
tho caibon dioxido formed. The closer the relationship, however, 
between the two products, tho less is tho excess of sugar whn h dis- 
appeni-s. 

It occur! od to us that there might bo some constituent of tho juice 
which interfeicd with tho eoirect determination of tho sugar, but we 
put this to the test and found that when wo added sugar to the juice, 
and then killed its action by heat lieforo any fermentation could take 
place, tho whole of tho sugar could lie accounted for by I’avy’s method 
of determination. 

We also submitted the residual product after fermentation had 
taken place to hydrolysis with very dilute acid with a view to break 
up any hydrolysible compound which might huvo boon foimcd between 
tho constituents of the juice and the excess sugar which bad disap¬ 
peared, but without any result ■ tho reducing power before and after 
treatment remained the same. The sugar had therefore apparently 
disappeared as such, and had not simply been rendered unrecognisable 
to ordinary tests. 

We are at present only ablo to chronicle this most interesting fact, 
as at the present stage of our work it would be premature to make 
any theoretical deductions; but in connection with this remarkable 
disappearance, we venture to throw out the following suggestion:— 
During the life of the yeast, sugar is consumed by the organism with 
the resulting production of carbon dioxide and alcohol. Considered 
in detail, this process probably occurs in two stagos- (1) a building up 
«id incorporation of the sugar molecules into the actively living proto- 

• Cane-sugar yields Si'll per oent of alcohol and 40*43 per eeht. CO*. 

DeatzoM „ ISM „ „ „ 46 96 „ „ 
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plasm (anabolism); and (2) a breaking down of this complex material 
into simpler products, of which carbon dioxido and alcohol aro the 
constant and principal constituents (kaUbolism). May it not bo that 
after the expression of tho cell-juice from the cell tho same senes of 
actions continues to take place, at leaxt for so long a timo us the 
rapidly changing and unstable c ell-juice remains in a condition ap¬ 
proximately identical with that in which it existed in the living cell t 
If this hypothesis lie admitted, then the varying activities of tho juice 
are at least partly explicable, for if we designate by x the hypothetical 
protoplasmic constituent of the toll with whic h tho sugar combines, 
then we may imagine the processes which take place in the expressed 
cell-juice (in which we assume \ to continue to exist) to l>e somewhat 
as follows:— 

(«) In the case of auto-fermentation tho \ sugar combination, built 
up during tho life of the cell, continues to decompose, after tho ex¬ 
pression of the juice, yielding carbon dioxide and alcohol. 

(b) In the case of the disappearing sugar, the formation of the 
X-sugar combination continues to a certain point, depending on the 
activity of the juice, lmt the decomposition of this combination comes 
to an end before the whole of the sugar h.is lieen liberated in the form 
of carbon dioxido and alcohol In the c.we of a very active jmeo we 
may imagine this process to continue until practically tho whole of the 
combination has boon decomposed. In tho enso of a weak juice, the 
building-up process takes place mine rapidly than the breaking-down 
process, and, consequently, when the activity of x ceases, there lemains 
an excess of sugar in the form of tho \-sugar combination. 

We are continuing our investigations with the yeast-col) plasma, and 
shall hopo to communicate our further icsults to the Socioty in due 
course. In the meantime it may be convenient to briefly summarise 
the results wo have already obtained, which so far appear to bo loading 
us in the direction not of an enzyme explanation of tho process, but 
rather of a theory which refers the phenomenon to tho vital activity 
of the yeast-cell protoplasm. 

(1.) The top-yeast of English breweries yields, by suitable treat¬ 
ment, a cell-juice which possesses tho transient power of 
decomposing sugar into alcohol and carbonic acid. 

(2.) The amount of gas formed by an active juice is as great as, or 
oven greater than, that found by E. Buchner. 

(3.) The cell-juice as prepared by us undergoes a very considerable 
auto-fermentation, in some instances exceeding that given 
by a mixture of the same juice and cane-sugar, 

(4.) A moderate dilution (1:2) with water or physiological salt 
solution practically stops all fermentative activity. 

(6.) Only with a very active cell-juice doea the ratio between the 
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alcohol and carbon dioxide formed approximate to that found 
in ordinary alcoholic fermontation. 

(6.) When the coll-jnieo is allowod to act on sugar—either cane- 
sugar or dextrose tho quantity of sugar which disappears 
is considerably in excess of that which can lie accounted for 
by tho production of carbon dioxide and alcohol. 


“On the Thermodynamical l*roj)cities of Gases and VapouiH as 
deduced from a Modified Form of the Joule-Tliomsuii Equa¬ 
tion, with Special Itefeience to tho Propeilies of Steam.” By 
H. L Oallendak, MA., LL1) , F.ThS, Quaiu Professor of 
Experimental Physics, Umvorsity College, Ixmdon. lieceivod 
and Head June 21, 1900. 

At the present time, the relations lietweeii the spocific heats and 
other thermodynamical properties of gases and vapours, and the devia¬ 
tions from tho ltohaviour of thu ideal gaseous sultstauce in isothermal 
and adiabatic expansion, remain extremely obscure. Tho variation 
of tho latent heat of a vapour, and of its saturation pressure, are 
generally expicased by purely empirical foimulic, without theoretical 
foundation. Various equations, such as those of Van dcr WhhIr, and 
Clausius, have l>oen proposed and have lieon voiy generally adopted to 
represent some of the simplest of these relations, hut ow mg to their 
complexity, and to tho numlier of empincal constants involved, thoir 
utility is seriously limited, and the results to w-hich they lead are in 
some cases undoubtedly erroneous. 

The object of tho present paper, which is founded mainly on experi¬ 
ments on steam, is to develop the application of a modified form of tho 
Joule-Thomson equation, which is sufficiently simple to lie of great 
value in the discussion of tho thermodynamical relations of gases and 
Vapours, and which loails directly to accurate formula! for many pro¬ 
perties which hav e hitherto heon represented empirically 

To take the case of steam os an example, all tables of tho properties 
of stoum are at prosent founded on liegnault’s formula foi the total 
heat B of saturated steam at t C. reckoned from 0° C., namely: 

H - 600-5 + 0-300/ . (1), 

and on his empirical formula for the pressure of saturated steam, 
namely; 

l logp «■ a + bW + rCt . 4 .. .. (2). 

The latteq formula contains five empirical constants, but it is usual 
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to employ two different formula? to cover the range 0 —220" C. of hia 
experiments. 

The specific volume of saturated steam, owing to the effects of 
surface condensation,* cannot lie determined by direct experiment, 
and is generally deduced from the uliovo empirical formula?, by the 
application of tho well-known thermodynamical relation, 

L/(* /<) = MjmlO . . (3), 

whore L is the latent heat, r the specific volume of tho saturated 
vapour, and b that ut the liquid, 0 the altsolute toinpei.iture, and ilji/iW 
the rate of increase of tho saturation picture with temperature. 

Uognault also iletormineil tho specihc heat of supci heated Bteam at 
atmospheric presaui e by condensing highly supci heated steam in a 
calorimeter; but owing to the small proportion whnb the superheat 
of the steam 1 tears to tho latent heat, and to the difficulty of calori¬ 
metric work at high lemporatiucs, tho measurements wore not very 
certain, and many recent experimentalists and wnteis (e.g., Ewing, 
Perry, Grindley) have ptefened to adopt widely different values 
deduced hy other methods from the lotnuila foi tho total heat. It 
was proved by Kankinot that the rate of change of tho total heat of 
steam at low tempeiaturos, at which it vciy neatly follows tho laws of 
uu ideal gas on account of its low prcssiue ami huge specific volume, 
must be very nearly equal to the specific heat of tho vapour at con¬ 
stant pressure. Therefore either the specific heat of steam ut low 
temperatures must lie 0 - 305, increasing considoiably with tho tempera¬ 
ture so us to reach tho value 0‘18 between 100 and 200 C , or else the 
observations of Regiiault must Ire wrong In any case it is clear that 
the variation of the total heat should not Ire linear, unless w r o alrandon 
the experimental ovidoneo in favour of the constancy of tho specific 
heat of an ideal gas. It is most likely that the souitu of the discre¬ 
pancy is to bo found in tho difficult caioiimetne measurements of the 
rate of change of the total heat at low temperatures The determina¬ 
tions of the latent heat by Gi lffiths, 572 0 calories at 40 , 2° C., and by 
Dietorici, 596-7 calonea at 0' C.,| arc fiom 6 to 10 calories smaller 
than Begnault’s, and imply a rate of ch.mgo of total heat about 
30 per cent, larger, and more nearly equal to the theoretical value. 
At temperatures above 100“ C., tho determinations of Kegnault are 
more consistent, but it is very likely, fiom the method which ho 
employed, that they may be considerably in error. His observations 
show a sudden increase of six calories aliove 175° C., which is explained 
by the diseovery and rectification of a leakage of steam through the 

* Bsnusy sad Young, * Phil. Trsoi/ A, ISM. 

t ‘ Boy. Boo. Edin. Proo./ 1860. 

J Qriffithi, * Boy. Soo. Proo./ December, ISM. 
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distributing tap into the idle calorimeter. It is clear that he regards 
the olwervations ultove this point with greater confidence. In any case 
it is unlikely that the order of accuracy attained in his experiments 
was greater than one-half of 1 per cent at any point, because his 
thermometeis were not sufficiently perfect, and localise it is piactically 
certain from the recent determinations of Reynolds and Moor by of 
the mean specific heat of water lietween 0° and 100° C., and from the 
woik of Callendar and Barnes on the variation of the specific heat 
over the whole range 0“ to 100 C, that his value for the specific heat 
of water at 100 C. is .it least 1 per cent, too large. He was also 
ignorant of the considerable changes which occur in tho specific heat 
of wator at low temperatures, ami it is evident that hiB work, though 
far in advance of his time, requires revision when considered in the 
light of tho gieat advances which have lrecn made in the last fifty years. 

It is olnious from the nature of the problem that the most appropri¬ 
ate method of determining, either the vaiiation of the total heat of 
steam, or the specific heat of steanr, is by the application of some 
thjfimihul method, which shall be independent of the determination of 
tho latent heat. In the papers which follow, I have described the 
application of two such methods to the ease of steam. By means of 
the “ Differential Throttling Calorimeter” it is possible, following the 
method of Joule and Thomson, to dcteimino accurately the variation 
of tho total he.it of steam, and the deviations of the specific volume 
from the ideal gaseous state, in terms of tho specific heat at constant 
pressure. By the “Electrical Method of Measuring tho Specific Heat,” 
which is exactly similar to the method already applied* in the case of 
water, it is possible to determine tho specific heat without reference to 
the latent heat. The details of these experiments are reservod for 
subsequent communications, the object of the present paper is to 
explain the thermodynamical relations involved, and to exhibit the 
calculation of the variations of the specific volume, the specific heats, 
tho total heat, the latent hoat, and the pressure of saturated steam in 
terms of the quantities which are directly observed. The theory of 
the method is applicable, and has been idready applied, to some 
problems connected with gases, but in dealing with vapours some 
additions are required, and it is clear that the original equation of 
Joule and Thomson requites somo important modifications. 


Mwhfiaiiwn of the Joale-TItomitm Eolation. 


In order to represent the observations of Kognault on the deviations 
CO* from Boyle’s law, Rankino in 1854 proposed the equation, 


* CaU^pdar 


pv - Rd-n/fr>. (4). 

and Barest, ‘Brit Assoe. Bcport,’ 1887 and 1809. 
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If we write (» - b) for v, on the left hand side, this equation is 
practically identical, for moderate pressures, with the modified form of 
the equation of Van der Waals which was devised by Clausius* to 
meot the objection that the term n/r in the equation of Van der Waals 
did not satisfactorily represent the vaimtion of the phenomena with 
temperature In adopting this equation of liankme’s to represent 
their ohseivutions “On the Thciina) Ktt'ects of Fluids in Motion,”! 
Joule and Thomson snlistitutod r =- Rff/p in the small term n/(h, 
which thus became npifib 2 . For the purpose of their olwervations the 
modification appeared to bo utuinpoi taut, and they quote the oquation 
as Kankino’s, but it really introduces a great simplification. If we 
wiito the equation in the form, 

r - K0 /. n H0- . (5), 

we observe that the small term is a function of thu temperature only, 
and is independent of the pi assure oi volume The isothermals on 
the p, v diagram are eqiulateial hjperbolas, identical in form with those 
of an ideal gas. Or, if we plot the product pr against p, as is Ubiial in 
considering the deviations of a gas from Hoyle’s law, the lsothermals 
are straight lines inclined to tho axis of p at various angles, which 
diminish as the temperature i ises. It is pi o\ otl by tho experiments of 
Joule and Thomson, and more cleatly by the subsequent observations 
of Amagat and others, that the equation, even in this simple form, 
represents a vory good first approximation to the deviations of actual 
gases from Boyle’s law at moderate piossiircB. The approximation 
holds, for nibtanco, m the case of CO* according to tho observations of 
Amagat, up to BO or 100 atmospheres at temperatuies between 100’ 
and 200” C The application of tho equation to tho cuse of vapours 
may, however, lie still further simplified, and rendorod at tho same time 
more accurate, by two slight but important mollifications. 

(1) It is practically certain that tho equation of a perfect, or plu¬ 
perfect, gas at high temperatures is not pr -- K0, but p(v - b) m 
R0, where h is the minimum volume or “co-volume” of Him and 
Van der Waals. The co-volume b is vanously regarded as being equal 
to four times or 4 J2 times the absolute volume of the molecules. It 
is relatively small at moderato pressures (alxiut one-thousandth of v 
at atmospheric pressure), and is often negligible, but may with great 
probability be taken as oqual to the volume of tho liquid at tempera¬ 
tures where the vapour pleasure is small. 

(2) It is usual in the kinetic theory of gases, either tacitly or 
explicitly, to make the fundamental assumption that the average total 
kinetic energy of the molecules of a gas, including motions of vibration 
and rotation, is directly proportional to the kinetic energy of transla- 

• ' Phil. Mag.,’ June, 1880. 

f 'Phil. Tren*.,' 1808. 
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tion, which is equal to 3/n>, 2 per unit mass at any temperature. It 
follows fiom this assumption that the broiling value of the specific heat 
of a gas m tho ideal state ( p -= 0, /> =• co), cither at constant pressuro 
or at constant volume, must lie constant, if tho molecule is stable, since 
it is directly propoition.il to jir/ff, which tends to a constant bmit when 
p -- 0 , ovon in the case of vapouis at temperatures fai 1 allow thoir 
boiling jsiints. 'ITiese constant limiting values of the two fimdamentul 
specific heats will tie denoted by the symliols S’ and respectively. 
As a further simplification we may assume that the kmotir energy of a 
vapour is proportional to p (« - h) at all stages and not only in the limit. 
On this assumption it is also noeossnry to suppose that tho index of 0 
in the small tetm «/R 0- m tho Joulo-Thomson equation is not 2, but 
n -= s°/R, the latio of the limiting value of tho specific heal at constant 
volume to the limiting value of prl&. If wo adopt tho hypothesis of 
Clerk Maxwell with rogaid to the disttilmlion of onoig y lictwcen the 
various degrees of freedom of a molctule, which, in the al«e»ce of 
teituin knowledge with rogaid to the exact nature of a molecule, 
appears to 1)0 tho only practical working hypothesis, the theoretical 
value of this limiting ratio should lie 1-5 foi a monatomic gas liko 
argon, 2for a diatomi< gas like oxygon or hydrogen, 3 - 5 for a tri- 
atomic gas like steam ot COj, and so on, increasing by imity for each 
additional atom m the molecule. Tho value 33 for the index is closely 
verified in tho case of steam by the experiments to be desailieil on the 
Joulo-Thomson effect, niul also by the experiments on the specific heat, 
by which this relation was first suggested. 

Adopting these two modifications, of wliich the second is the more 
important, the equation may be written in tho form, 

r-b- U9/p - r°(070)» - V -r. (6), 

in which V is taken as a convenient abbreviation for the ideal volume 
R 0/p, and the < o-volume b is taken as constant and oqual to the volume 
of the liquid. The small correction i, representing tho state of co- 
aggregation of the molecidcs, is called tho “co-aggregation volume,” 
and is a function of the tempeiaturo only, varying inversely as the nth 
power of the absolute temperature, where the index n is used as an 
abbreviation for i°/R. It is a quantity of the same dimensions as a 
volume, and is measured in cubio centimetres. The numerical value of 
r in the caso of steam at 100° C. is 26 , 5 c c., as deduced from the 
experiments on the Joule-Thomson effect and the specific heat. The 
calculated value of r° at 6° = 273 0’ is 79-0 c.c. It is obvious on the 
amplest considerations that the co-aggregation volume t cannot remain 
accurately constant at high pressures, sinco there is an obvious limit to 
the possible (^aggregation of the molecules. If, for instance, the 
molecules are simply paired, the pairing must cease when «- b » e, 
But it is cortainyrom the differential experiments that the modified 



271 


Properties of Oases aiul Vapours, <fcc. 

equation represents a 1 cry accurate approximation to the facts at 
moderate pressiu'es, although n is not necessarily equal to «“/K in all 
cases. 

Vaniitiou of the tipenfif Heat*. 

It would appear at first sight as though the modihod equation were 
more compln ated than tho onginal of Joule and Thomson, but it leads 
as a matter of fait to far simpler relations lietween tho thermody¬ 
namical properties, and makes it possible to attack problems which 
would lie quite intractable with tho moie complicated foims of empiri¬ 
cal equations in vogue 

If S and s an* the spoufii boats at constant pressure and at constant 
volume icspcrtivcly, and <j> is tho cntiopy, wo hu\o tho well-known 
lolations, 

(JS/f//i)» - - - 0(i1‘t'/tt6-)p ... (7), 

(i/s/dr), = Wrfr = + 6(i1 l j)jiW-)„ (8). 

Assiumng tho < hauic tens tie equation ( 6 ), it is easy to pi oi e fiom these 
relations that the tallies of tho specific ho,its at any temperature and 
pressure hi o given by the simple foimula*, 

S - S (1 + ni, V) - S“+ «(/< + l)p/t) ( 9 ), 

s — s”(l + fl'/V) (1 - r/V).(10), 

whero 8 ° and *° are the constant limiting values of the specific heats 
when p -= 0 The ratio of the specific heats ij = S/» is given by the 
relation, 

0 = S/s = S7»-(X - r/V) - g°/(l - r/V).( 11 ), 

where >/ stands for the constant limiting value of the ratio, and is equal 
to (n + l)/a. 

Isentropir delations. 

Tho isontropic relations are greatly simplified by the assumption 
n = i*/K, since in this case the ratio of the co-aggregation volume r to 
the ideal volume V, or to tho difference of specific volumes of the 
vapour and liquid v - b, is constant at constant entropy. From the 
characteristic equation ( 6 ), we havo for the isothermal elasticity E, and 
the isentropic elasticity E 4 , since E*/E# = S/i - y =• y°/(l -c/V), 


E, =» ~v(dpldc)n - +pv/V . (12), 

E* - - v(<1p/dv)t = + yE, - y>/(»- h) . (13). 

The equation of the isentropics may therefore be written in the 
forms— 

p(v-by - constant, or p*(v - i) n+1 - constant, 
or p/0** 1 - constant, or (v-l)d» - constant. (14). 
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The constant valuo of tho ratio r/V along an isentropic is given by 
tho relation, 

v/V - ,/V J . (15), 

which may bo wntton in tho foim, 

'/V ~(r°/V .(16), 

where r is tho liase of natuial logarithms, and the symlwls p\ r , V\ 
0°, <j>°, refer to a standaul state such as 0 5 0, and 760 mm. 

I^atht i uml JiijHiii'iun 

The Change of Entropy </< - </>* ui expansion from p° to p at a con¬ 


stant temperature 0° » deduced from tho relation, 

d<f> - (d<f>/dp)gdp *» - (tlvhl&wlp =- -(R/p+nr‘IP)dj> ..(17), 
whence =» R logj>7/>+0»" -i')»« 7® .(18). 

Tho Heat Absorbod is gi\en by the expression, 

Q - Q - R0 log p t fp + (l>‘-p)iu‘ . (19). 

The Woik Done, W - II0 log p /p, is the same as for an ideal gas 
between the same limits of pressure 

The Change of Intrinsic Eneigy is, theiefoio, 

E - E“ = nc°(p p) .(20). 

Hiatuuj tti VojuJiint Tri'&Hic. 

The Ueat Absorbed ui a rise of temperature from 0° to 0 at constant 
pressure p° is given by the equation 

Q - Q° - JS'W - 8 (t)-6) + (n + \)p\r‘-r) . (21). 

Change of Energy, 

E - K° - s'(6 - 0 ) + np°(r‘ - r).(22). 

The Work Done, 

W - R(0-0-)+/(r’_ c ). (23). 

Change of Entropy, 

4-f - \8d6/6 - S' log 0/0" + spy/f — c/6) . (24). 


In passing from any one state represented by the co-ordinates p% 0°, 
to any other state represented by p, 0, both the change of energy and 
the change of entropy must be independent of the process by which 
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tho change is effected, and equal to tho values calculated by combining 
isothermal expansion with hunting at constant pressure. We thus 
obtain tho following goneinl expressions for the change of energy and 
the change of entropy m any tiausfoimation from the state p°, 0°, to 
tho state p, 0 — 

E-E“ = ^(0-0")~n(pc-pY) .(25). 

„ S’ log 6/0° - It log p/p° - v (ep/0 -tp /U). ... (26). 

Those expressions are true for any vahio of n. 

Gtdrnlntimi of the Spui/te Volume oj Satinatul Sham. 

As an illustration of thu immune id application of this method, I 
propose to take tho case of steam, us tho most important and interest¬ 
ing. But tho methods and reasoning would bo equally applicable to 
any other gases or vapours for which the leqiusito experimental data 
were available 

The deviations of tho specific volume from the ideal state aio imme¬ 
diately given by tho values of the <o aggregation volume e, which am 
easily calculated. It is quite a nustako to xupjrosc, as is frequently 
stated, that thoie is .uiy sudden or lapid change in the co-aggregation 
as tho saturation point is approached. This idea h.is arisen merely 
from expenmental errors duo to surface condensation. Under cortain 
conditions it is well known that tho vapour can oust in stable equi¬ 
librium at pressures greatly in excess of the saturation value, provided 
that thoro is no liqtiul prosont, or any nuclei, oi othor aids to con¬ 
densation. I have not, for obvious reasons, succeeded m investigating 
the properties of supermini ated steam by tho mothod of throttling; but 
there does not appear to be any reason to suppose that its behaviour 
could not bo predicted with groat preliability by assuming that tho 
co-aggregation volume remains constant at constant temperature, 
which is certainly a very close approximation to the behaviour of 
steam in the superheated condition down to the temperature of satura¬ 
tion. 

In the following tahlo, which contums u few sample values of tho co¬ 
aggregation e and tho specific volume />, tho ideal ‘.jioeitic volume of 
steam at 100° C. and 760 mm. pressure is takon as 1698-0 c.c., which 
is calculated by assuming the density of oxygen, corrected for its 
probable co-aggregation, and taking thu ratio of the molecular weight 
of steam to that of oxygon to be 18/32. The value of c for Bteam at 
100* C. is taken as 26 5 c.c., and the values at other temperatures are 
calculated by the formula (6):— 


VOU LXVU. 
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Table I.—Specific Volume and Co-aggregation of Steam. 


Temp 

Cent. 

prcMuro 

Co-aggre- 

gatiun 

c 

Ideal 

volume. 

V 

Specific 

volume. 

Co aggre¬ 
gation 
Ratio 
r/V 

Deviation. 

Ratio, 
(c—i)/V. 

0 

(f 00613 

79-0 

202680-0 

202602-0 

0-000389 

0 000886 

20 

0 02823 

61 7 

67370-0 

G7309 0 

0 001076 

0 001000 

40 

0 0731 

49-0 

K400 0 

10142 0 

0 002515 

0-002468 

60 

0-1267 

89-1 

7710-0 

7671 0 

0-00612 

0 00498 

80 

0 4670 

32 14 

3138 0 

3107 0 

0 00932 

0 00903 

100 

1-0000 

26 GO 

1698 0 

1072 6 

0-01660 

0-01600 

120 

1-961 

22-07 

911-7 

890 -G 

0 02125 

0-02306 

140 

8-D70 

18-50 

626 0 

508 4 

0-0851 

0 0333 

160 

6-01 

16-74 

321 7 

307 1 

0*0190 

0 0466 

180 

9 93 

18-41 

207-7 

196 8 

0-0648 1 

0 0694 

200 

16-87 

11-56 

140 l 

129 11 

0 0825 

0 0742 


Tho values of the specific volume r are calculated for the saturation- 
pressures, git on in utmosphoros in the second column. Tho values 
for any other pressures can lie calculated with equal ease, since the 
co-aggregation-volurao <, which is given in tho thitd toluinn, depends 
only on tho temperature. It is ’necessary in each case to calculate the 
appropriate value of the ideal volume V *> H 0/p. The tallies ,of the 
specific volumo r are found by subtracting (e - h) from the ideal 
volume. The values of tho co-aggregation mtio r/V, and the deviation- 
ratio (r-A)/V, are also git on, as the first is useful in calculating the 
values of the specific heats by formula} (9), (10), and (11), and the 
second affords tho most convenient means of icpresentmg graphically 
the variations of tho specific^volume, since it is quite impracticable to 
plot the specific volume itself on an adequate scale. 

Graphic Representation of the Variations of Specific Volume. 

The best method of representing these results graphically appears to 
be that adopted in fig. 1, of plotting the ratio of v/V or (e - b)fV 
against p. We have— 

pr/iHe - vfV - 1 - (c - J)/V - 1 - (c-h)p[BJB . (27). 

Since r is constant at constant temperature, the isothermals are 
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straight line* inclined at different angles to tho axis, lmt all intersecting 
at tho same point, i/V - 1 when p =- 0 These linos are drawn for 
each 20° of temperature in the figure, and aie all represented as 
toi minuting in the saturation tui\o, although, ,is a mattei of fact, it is 

Seal* of Pressure for e?-iocPC. 



possible to suppose them produced beyond it, if condensation does not 
occur. The first part of tho curve up to 100‘ C. is represented on a 
ten times larger scale of pressure in the upper part of the figure. It 
will be observed that the whole deviation from the ideal volume at 
100° C. is only 1*6 per cent at saturation-pressure. This method of 
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plotting is analogous to that rendered familiar l>y Amagat and others 
in the case of the donation of g.isos finm Hoyle’s law. It is usiul to 
plot the pioduct pr against /», Imt it seems to mo to }>o ptofornhlc to 
plotpr/R 0 instead of pi, Iwaiise tlio pr methyl confuses the diagiam 
hy introducing the effects of the variation of tempeiature, so that the 
ditforent isotliomials cannot lie so well computed, and their relations 
observed 

In the diagrams of Amagat and others, who have adopter! the direct 
method of measuring the whole specific volume instead of the differ¬ 
ential method of observing only the deviation fiom the ideal volume, 
the isothermals are not accurately straight, but always bend down¬ 
wards more steeply as saturation u> approached, so that they aie 
concave to the avis of pr. Thetc seems reason to lioliove that this 
peculiarity may lio partly duo to the effect of surface condensation '•o 
well established by the enervations of Ramsay and Young.* It is 
t’uo that a similar though smaller lncicutic in the slope results from the 
mill of Natansnn on the Joule-Thomson eflect foi CO, at pressures up 
to 20 atmospheres, at a temperature of 20 C. Hut in that raso also 
tho effect may bo explained by condensation in the pores of the porous 
plug, as is indicated m some of tho woik of Joule and Thomson. I 
was not able to find by tho differential method, which would eliminate 
any error of this kind, any trace of this effect at moderato pr ossuros. 1 n 
fact, tho cooling effect appeared to diminish very slightly w ith increase 
of pressure, as it should, on account of the small increase in the value 
of tho specific heat with increase of pleasure If this is generally true 
for other vapours, it would appear possible that many of tho complica¬ 
tions which have been lntnxluced in current formB of empirical equa¬ 
tions of the fluid state, may serve only to represent eriors inherent in 
the experimental methods on which thoy are founded. 

Values of the Specific Heats of Steam. 

The values of tho specific heats at any temperature and pressure arc 
easily calculated from their limiting values at zero pressure, by means 
of the formula! (9), (10), and (11) air early given. Tho actual value of 
the specific heat at a prossuro of one atmosphere was experimentally 
dotorminod by tho olectrical mothod to lio subsequently dcscrilred. Tho 
value so found, though slightly larger than Rcgnault’s, agreed so well 
with tho theoretical value deduced from the characteristic equation (6) 
by means of Maxwell’s assumption, thut bhore can be little doubt that 
the method of rloduction employed is valid. The value of the constant 
B for steam is readily found from the value of the ideal volume already 
ap&med, we thus obtainf 

• • Phil. Trunk* A, 1892. 

f Assuming tli^t the pressure due to a oolumn of mercury 700 mm. in height at 
<PC. and seadeveuin latitude 46* is equal to 1'0188 megadynes per sq. cm. 
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K - 4 613 x 10 l C O S = 0 4613 joulc/dcg C 
-0 11017 cd/deg C 

iho unit <{ he it ul< ptc l in this p ipci is the tliuni il c ipicity of 
1 giamme of w itei it 20 C which is tikcu is Imiig tquii ilcnt to 
1 180 ]oulis fiom the nn m if the lesults it Rjivlmd mil of luynolils 
mil Mowbv iimpiriil ml icduectllj the woik of tillcndu and 

B lines on the iiiiitmi it the specific lie it ot w itei i\e the whole 

langcO to 100 C 

I he limiting v dues < f tlu speuhe he its t f ste mi hi l if then ratio, 
in terms of this unit no is t ilbws 

S - 0 4066 eil/deg C v 0 3S62 t il dc^ C / 9/7 1 2857 

In the following tihli thi valius it S an l / ut .,11111 foi situratod 

steam at the punt of sitiu iti n m onlei to lllusti ite the nine iso of 
specihe he it with pussiui lhi i dues ot tho spciiln hi it 8 ut i 
piessiue of ono itmospheic it \ Hums tenipentuiis n o also giv on, to 
show the diminution of thi specific hi at with use of tenipei itiue ihe 
v dues enilostd in bi ickets ue of coiusi mu e ,in uy but ut included to 
show more ill illy tho n itun of thi rhuigi < ho v ill e of die specihe 
ho it ut constant pussiui his lain i iltulUtility /eunei fiomiicgn mlt’s 
obscivations to bo 0 > 68 , m the issumptun tint the specific volume of 
steam is i lini u function ot the tenipei ituio at const mt piessuie, in 
which easo tho specific he it it const mt piessuie is independent of tho 
piessuie Another common issumption is thitthi piessuie at constant 
volume is i linear function ot the tcmpci itiue (Van dei Wauls) 
boithei of these assumptions can lie ictoniilcd with the most aumate 
thermomotne work it modciato prossnies oi with tho piesint oxpen 
monts on steun by the method of the ditli ronti il tliiotthng c doumotei 
Iho iuIv uit ige gained by theso assumptions is vei y slight and ono-sideo 
Ihe parti il constancy of one specific heat is i snnll matter, if at the 
samo tune tho other thiituodynamicd iclitions aie i endued so tom 
plit ilod as to make the equations useless Ihe v dues of tho specific 
heat of 8 teim it constant pressure have been re ently calculated by 
Gnndloy fiom his thiotthng expcnments,* assuming the linear formula 
( 1 ) of liegnnult for tho lotal lleat of steam I hesov allies aie included 
in Table II for compuiisou ihe minds is given in biackcts aie not 
given by Gnndloy, but aie ealculited by m extension of his method to 
show tho effect of his hypothesis ihe oxtr lordinaiy differences 
between his values and mine, as shown in the adjacent columns (6) 
and (7) of Table II, aie not due to my discrepancy in our exponments, 
but simply to his assumption of Kegn mlt s formula for tho total heat 
The method of deducing tho specific heat fiom the total heat, though it 
has often been applied, is unsound in principle, because the spocifio heat 
1 Phil Irani / A, toI 104 1800, pp 1-36 
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depends on tho rate of vanation of the total heat, ao that all the errors 
in the formula for the total heat are enormously exaggerated in the 
calculation of tho specific heat. 

Thu last column in the table contains the values of tho so-called 
“Specific Iloat of Saturated Steam,” , tho \aluo of the specific he.it 
when ilpjdtt is determined by tho condition that the steam is to remain 
saturated. The value in this case is gnon by the* formula 

S (sat) - ,/H/i/d - L/d . . (28), 

which is must 1 caddy obtained by differentiating tho expression for 
the entropy of saturated steam, namely, </>, =■ 4> w + L/0, whore is 
tho entropy of water loekoiied fiom 0 C Tho \ allies of S (s<it.) also 
(hffor considenibly from those which have lw'cn pre\ lously calculated 
on tho usual assumption that dll/ilU is constant, and equal to 0'305, as 
in formula (1). 

It will he obseived that the mean \aluo of tho specific ho.it of steam 
at a constant pressure of one atmosphere between the limits 120° 
and 200“ 0., tho range of Kegnault’s experiments, is 0*512 according to 
the values given in Table II. This table is not so greatly m excess of 
tho value 0 48 git on by Ucgnault as to lie bejond tho limits of experi¬ 
mental error, especially if wo consider that the method which he 
adopted must necessardy have given use to constant errois in defect, 
and that tho superheat.was only one-sixteenth of the total heat to be 
measured. 

It is probable that tho vanation of tho specific heats of all other 
gases and vaiiours, to which tho Joulc-Thomson equation can be 
applied, is of tho same type as that exhibited abovo in tho case of 
steam. I have succeeded in reconciling a good many of the appa¬ 
rently discordant experimental data on the subject by moans of 
this hypothesis, but the experiments themsehes are difficult, and 
the question of the vanation of the specific heats of gases is obscured 
by unavoidable errors. Among the most remurkablo and accurato of 
recent results are those of Joly on the specific heats of Air and COj at 
constant volume, determined by means of his differential steam- 
calorimeter. Tho values which he obtained are muclj lnrgor than those 
deduced from Kegnault, and cannot bo reconciled with them on the 
common assumption (Van der Waals) that the spocific beat at constant 
volume is constant, but they agree remarkably well, considering the 
difficulty of tho experiments, with the theory proposod in this paper. 
A fuller discussion of these and similar relations will bo reserved for a 
future communication. 
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Tible II—Specific Heats of btcim 


Temp 

Cent 

At aat lr&tion point 
Galonm/deg j Ratio 

| At ono atmosphere 
prci ure Oalories/dtg 

8(Mt) 

l 

S * 

9 

p | a 

Gnndloc 

Cal /deg 




„ im j 



0 

0 1J7J 0 18W 

1 2S(2 

4 66, 1(0 6 *< ) 

(0 300) 

-1 680 

20 

0 4084 0 1873 

1 2870 

17 6“ (0 5768) 

(0 308) 

-1 602 

40 

0 6008 0 388 

1 2888 

*>r 66 (0 o 44) 

(0 314) 

-1 361 

eo 

0 056 0 3)13 

1 2321 

14° 63 (0 6411) 

(0 82() 

-1 223 

80 

0 5128 0 3 )o2 

1 -377 

)o5 30 (0 U3) 

(0 34») 

-1 116 

100 

0 6236 0 4009 

i mo 

760 00 0 r 230 

0 387 

-1 028 

120 

0 6388 0 4000 

1 3176 

1491 4 0 ol8l 

0 448 

-0 966 

140 

0 6581 0 4188 

] )127 

2716 6 0 5138 

0 637 

-0 806 

160 

0 681b 0 4303 

1 3618 

4667 0 0 5106 

0 605 

-0 844 

180 

0 6080 0 4427 

1 8748 

7546 0 0 (73 

(0 8-7) 

-0 801 

200 

0 6303 0 4668 

1 4012 

11(84 0 | 0 o063 

(l 013) 

-0 760 


Van Uum of the l otal He it tiul Uilent Ik it 
The Total Heat, H of a vapoiu defined m the usual manner, u 
related to the Litent Heat L, by the simple equation 

H - L + A (29), 

if the Heat of the Liquid A is reckoned from the samo zero as the total 
heat of the vapour In the caeo of w vter both H nd A are reckoned 
from the state of water at 0 C JThc specific heat of w tter is so nearly 
constant that A may often be taken is equal to t More generally we 
may write 

A - t+dh (30), 

whore dh is the small difference of the heat A from the value t, which 
it would have if the specific heat were constant and equal to unity 
According to the observations of Barnes, the variation of the specific 
heat is veiy nearly linear between 60 and 100° C The value of A at 
temperatures above 60* C may be taken as 

A - f + dA - < + 0 000110(< - 60) 9 


(31) 
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This simple formuh agrees very nearly with ltegnaults observations 
m the late of variation abovo 60 , uid also with tho table of values of A 
given by Callcndai and Barnes * 

The iccvu itc relation between tho iotal Heat and the Specific Heat 
of tho \ ipom is itwlily obtained by oquitmg the nitiinsit tneigy of 
sto im ti iporatod at 0 G at a pressiu o j , uid then lie itul it constant 
pleasure i up to my temper itiuo d to th it of sto ini < bt lined by he it 
mg tho liquid up to the same tempeiatuie 6, ev iporatmg it at & under the 
constant situiatiou pressure j and expanding tho vapoiu at constant 
temperatuie 0 down to the piessuro / of bituritiou it 0 G Tho 
various chmges of intrinsic energy mvclvod in these pioctsses are 
given lay equ itiuns (20) and (22) Aftei a few simple reductions we 
obtain the 1 qu ition of Total Ho it 

H H S (9 9) (t+l)<; l) (32), 

which is simply the oxpiesbion of the fitbt law of theimod}namics as 
ippliod to tho pioblom in l might also hiao been ol tune 1 in vanous 
other ways If we omit the small toimb depending on tho co aggrega 
tion < the equation is identical with that giaon by hankine m 1850, 
on the assumption that aatuiatod steam could lie treated is an ideal 
gas ihe am ill turns repiosent the effect of tho deviations of steam 
fiom the l led state and become important at lngh pleasures The 
equation neglects tho external woik of expansion of the liquid, but 
this is loss th m out thn tieth of a c alone it 200 G although it may 
become impoitaut is the cutical temperature is approached 

liquation (22) gives only tho vamtions of the total heat of the 
maturated v apoui In oidet to (iud tho absolute v dues it is notes 
sary to kuow the actual value of the tot el he it it some p articular 
temperatuie The obvious valuo to select would be that given by 
Regnault at 100 C, namely 637 calones His methods do not appear, 
howovei, to have been sufficiently exact and I prefer to roly on a 
moie recent determination by Joly with his stc un calorimeter (described 
by Gnfliths) t Joly determined the me ui specific he it of w itoi between 
12 and 100 C m teims of tho latent he it of steam at 100 C Now 
the mean specific heat of water botween 12 and 100 G is known in 
torms of the specific heat at 20 G by tho l esults quoted above We 
can theiefore reverse the calculation, and find the latent heat of steam 
at 100’ C The result of the calculation gives L at 100 *» 040 2 
calones at 20 C This is considerably m excess of Itegnaults value, 
but it is quite withiu the limits of probable error of his experiments, 
and it possibly still errs in the direction of being too low Assuming 
this value as a starting point, I have calculated the following table of 

* Brit Assoc Bep1899 

f Phil Trails A, 1898, p 822 
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values of the tot d he it md lateut he it, md of the rate of laiiation of 
the satui ation pressure md thu total he it with tempo ituro, namely 
ilp/iW (sat) me! /H It) It will 1 k> ohscmil that the i ito of increase 
of the totd hoit diminishes lapidly it high tompoi itiuis while the 
i ite of dimnmti j» of the 1 itent ho it liu ic isi s 1 his must n< cessardy 
be the i isc is the 1 itent he it sh ml 1 i mi h m it tho inti d tom 
perature, which ckouis il ut 165 C ictoidmg to thi obsu\ llama of 
l adletct and Co I udo m w he ro is tho lino u foi mnl i of Iccgn mlt would 
m iko tho 1 itent hi it i misli it il out s70 C I Ins is m additional 
mdic itton of the unpoasil ill* \ ot 1 i^niultb foimuli It m ly bo 
olwtned, howcioi tint tho ncitgo i ito of imioiso of tho totil heat, 
molding to Tille III botwoon 100 md-00 0 oui the 11110,0 of 
lveginults o\ponmonta fiorn which tho lino 11 foimuli (1) w is i ilou 
lited is only 0 3JO c di 110 poi ilegict which diflois «<> little fiom the 
coefhuont 0 30 J fell on by Hegnmlt is to l>o well within tho limit of 
aocui icy of his ox pei intents tonsidciing the w know lodged Icihage ot 
tho distill utmg tip ml thit tho whole difloien o is only one half 
of 1 per coni on the ijumtity of ho it inoisiued 

Tho values of <f] It) gi\ en 111 a luinti b of tho tdlc ire oilculited 
from those of I by meins of tho thi 1 mo ly mini nliticn ( 1 ) ilioidy 
quoted, ibstunuig the a duos of tin spceifi lolumc fiom 1 iblo I 


lablc III—lotil Heat md Latent Ho it of Ste im 111 terns of tho 
lhoimil Gipiuty of A\ itoi it 20 ( 


'T 

ir-H° 

1 il* 

ir 

A 

L 
l Is 

ip t» 

1111 1 g 

m te 

ill 1 g 

R gi suit a 

0 

0 00 

503 5 

0 00 

503 5 

0 51(1 

0 4 MS 

600 5 

20 

) HI 

(03 3 

20 00 

>83 2 

1 0 1 

0 1SS7 

012 0 

40 

10 53 

0X3 0 

40 02 

673 0 

2 1)>2 

0 4800 

618 7 

60 

28 90 

G22 > 

00 00 

602 0 

6 001 

0 Mrfo 

624 8 

80 

IS Id 

< n 7 

80 01 

561 7 

14 3) 

0 4107 

630 9 

100 

| 16 89 

640 3 

100 14 

640 2 

27 Id ' 

0 1202 

637 0 

120 

64 90 

048 4 

120 3 

I 628 1 I 

47 45 I 

0 38Sd 

613 1 

140 

62 22 

656 8 

140 0 

1 618 2 

77 06 1 

0 353 I 

649 8 

160 

68 0 

662 4 

101 1 

, GO' 3 

1X8 62 

| 0 314 

1 665 3 

180 

74 0 

668 4 

181 6 

486 8 

173 60 

| 0 274 

061 4 

800 

79 B 

673 4 

202 3 

471 1 1 243 0 

J 0 237 

667 6 



282 lYof. II. L. Callenilar. On the Thermodynamical 

The values of itftjdt) aro ohtamcil from those of dp/dO hy differenti¬ 
ating equation (32), thus, 

dll/dO = 8" - (« + \)r(dp/d$~ n/ijO). 

It will hi* observed that tho values of the total heat in tho aliove 
table agree very closely with those of Begnault between CO and 90 , 
wheie his rosulth (according to Griffiths)* aro most reliable. The 
average of his olwerv ations o\er this range is m exact agreement with 
Table III. At lower tempor.ituios, Itegnault’b obseivations aro very 
discordant, but the \ allies given m the table aiewell supported by 
thoso of Griffiths lie finds, foi instance, the latent heat to bo 072*7 
calories at 40 2 0, where the table would give 073 1. Tho unit 
employed by Griffiths (calonc at Iff 1 ' C ) is different, so that his value 
would require to bo raised neatly 0 6 <al to redueo to the same unit, 
which would make it 573 3 calouos at 40 2 There can be no doubt 
that his olwonationa aie entitled to much greater weight than those 
of Hegnault, which are neatly C calories larger at this point Tho 
value, 596*7 foiuid by Dieturui with an ire calorimeter,t for tho latent 
heat at 0 C., is 3 2 calories larger than that given in the table. But 
it must lie rememltcred that observations of the latent heat at 0° C. are 
not at all easy, and that then* is some uncertainty about tho unit 
employed by Diotenci, as ho finds by the same method the value of 
tho moan specific heat of water hetweeu 0 “ and 100 G, aliout 1 per 
cent, lnrger than ltoynolds and Mooiby or Callenilar and Barnes It 
is jiossible that his result might agree with Table III if it could lie 
reduced to the same units. 

Entiopy of //ami Steam. 

The entropy of water, </*„, is icadily calculated from a table of the 
values of the specific heat when the vanution of the specific heat is 
known. Since, however, the specific heat is neatly equal to unity, we 
may write, 

^ = log, .(33), 

where d<f> is the small difference of the value at any tempetature from 
tho value log, 6/6°, calculated on tho assumption of constant specific 
heut. Tho valuos of d<f> given in the following table have been calcu¬ 
lated from tho table of values of the specific heat given by Callendar 
and Bat nes. 1 It will be seen that the values of d<f> are very small at 
temperatures lielow 100° C, but increaso rapidly at higher tempera¬ 
tures. Altove 200 ° C. the values of the specific heat of water are so 
uncertain that it is not possible to calculate the properties of steam 
satisfactorily by any mothod. The values of dh/0 =. ( h-t)l$ are also 

* ‘ Boy. 8oo. Proc.,' December, 1894. 

t ‘Wied. Ann.,’ rob 87, p. 604, 1800. 

$ ‘ Brit Amoo. Hep.,’ 1899. 
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given m the table for comparison with thoeo of d<j> They are calcu¬ 
lated fiom the same table of the \ allies of the specific heat, and the 
difference d<j> - tlh/6 is seen to lie small This difference occurs ns a 
small cm roc turn in the equation for tho saturation pi essuro, to lie pre¬ 
sently given. The values of tho cntiopy of watei, corrected for tho 
variation of tho spei lhc heat me given in the column headed </>„. Iho 
values of the cntiopy of steam aro obtained by adding tho values of 
h/0 given in the next column, which aio found fiom tho valuos of tho 
latent heat alieady given in Table Ill Values of </>„ calculated from 
Kegnault’s formula 1 , aro given in the last cohuun for comparison. 


Table IV —Entropy of Water and Hleam. 


j t dk,t. 

rf* 

Log, Of V' 

*«• 

LfO. 


i °« o 

0 

° 

0 

2 1710 

2-1710 

2-214 

1 20 1 0 0001(1 

0 00017 

0 07070 

0 07087 

1 9908 

2 0017 

2-089 

40 1 0 00008 

0 00009 

O 13(172 

0 136M 

1 8308 

1-0670 

1 982 

00 1 0 00000 

o-ooooi 

O 19887 

0 108(18 

1 6892 

1 8880 

1 890 

80 | 0 00009 

0 00010 

0-23G01 

0 25701 

1 6028 

1 8108 

1 811 

100 1 0-00037 

0 00039 

0-31208 

0 31210 

1 -1183 

1 7608 

1 748 

, 120 0 00084 

0 00000 

0 36128 

0 86518 

1 3138 

1-7090 

1 692 

1 140 0-00162 

1 0-00163 

0-41104 

0 41567 

1-2476 

1 6032 

1-644 

1 100 0 -002*2 

0 00281 

O - 46112 

0 -46373 

1 1678 

1 -6215 

1-601 

180 0 00353 

0-00384 

0-50645 

0 51029 

1-0746 

1 6849 

1-668 

200 0 00407 

0 00532 

0 61960 

0 56192 

0 9900 

1 5609 

1 636 


The Enhopy Equation 

By the application of the second law of thermodynamics wo may 
obtain a relation between tho latent heat and the satmataon-prcMure. 
Expressing tho fact that the entropy of steam evaporated at O’, and 
heated at constant pressure /*' up to any temperature 0, is the same as 
the entropy of steam obtained by heating water up to the same 
temperature, 0, evaporating it at saturation-pressure, p, and then 
expanding it at constant temperature, 0, down to the pressure, p°, 
of saturation at O’, we immediately obtain the entropy equation 
(1 - S') log, 0/0’ + L/6 - L’/0 °+ R log.pl? 

+ d<jj K + nepjd - nr'p’/O' — 0. (34). 
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Tho various terras of this equation havo been already calculated, and 
are given in equations (18), (24), (26), and in Table IV. The last thioe 
terms of the equation aic small, and lopiesent the cflbct of tho varia¬ 
tion of tho specific heat of watei, and of the deviation of tho piopertics 
of steam from the ideal state, as expressed by the chaiactenstn 
equation (6). Neglecting tho small toims, tho equation is identical 
with ono given by Boitrand, on the assumption that stc.uii may lie 
treated as an ideal g.ia. It is evident th.it the \ .dues of the suturation- 
pressuto may lie calluluted from this equation by nieuus of the values 
of tho latent heat alioaily found. It ih liettc, however, to climinato L 
hy means of tho cneigy equation (32) ahead} given. 

Eqtuthon of tht tSiitinitfum-J'iissiin. 

If wo substitute H - II' *= L - L °+h — L - L° + /+ tlh, in tho energy 
equation (32), and divulo hy 0, and suhtiact fiom tho ontiopy equation 
(34) aliovo given, we obtain tho oquntioti of satin atioti-piossurc, which 
may be reduced to tho foim 

it log ,p/p° = (L°/tr+njt 0707/0 - (i - s l ) (log, e/o 1 - t/o) 

Hr-pOP-W-tm .(36). 

Noglecting tho tenns depending on tho co-aggregation, and on the 
variation of tho spotifio heat of water, this equation is equivalent to 
one given by DupriS and Bertrand, and rediscovered in vauous ways hy 
many other oltservors (e.g, Pictet and Ilort/.).* If tho correct values 
of S", L°, and K are uiscrted in tho formula, tho equation thus simplified 
gives very accurate values of tho aatiuation-ptcsMUO at low pressures 
wheio tho properties of steam satisfy approximately the fundamental 
assumptions made m deducing the formula. J3citrand,t although of 
course he was well awaro that the formula thus obtained was not accu¬ 
rate at high pressures, has calculated numerical formula) of this type 
for a large number of vapours, choosing tho constants empirically so as 
to obtain tho best agreement over the whole range. The values of the 
constants so found do not, of com so, agree with tho correct values of 
L“ or S°. Tho numencal values chosen by Bertrand in tho case of 
water, for instance, give 1/ =* 573 cabinet., S' -= 0’575 cal. per dog., 
and the value of tho steam pressure found is 763 mm. at 100° C. At 
low temporatures tho first teim m formula (30) is tho most important, 
since log, 0/0° is very nearly equal to f/0 when t is smull. The formula 
then reduces to the simple type, log p = A + B/0, which has often beeu 
employed for approximate work, and is the basis of the useful relation 
of Ramsay and Young.} Adding a second teim, C/0 3 , to this formula 

• Piotot, * Comptes Bendas,’ rol. 00, p. 1070, 1880 (proof invalid) j Herts, 
• Wled. Ann..’ vol 17, p. 177, 1882. 

t 1 Thermodymunique,’ p. 08. 

J ‘ Phil. M»g.,’ voL 21, p. 33. 
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to take account of the small terms in oquation (35), we obtain the well- 
known empirical formula of Kankino (1849), which is veiy convenient 
and accurate A neaily equivalent foimul.i is that of Unwin,* log p - 
A + B0 6 , in which the same effect is empirnally secured by an arbitrary 
exponent. Thcso formula* are purely empirical, but it is interesting to 
oliserve how they are related to tlio correct thermodynamical expres¬ 
sion (35). 


Siifinntiim Pnwinr* of Shorn 

In employing equation (33) to tabulate the numoiieal values of the 
saturation-preasuie in the ease of steam, we have only ono empirical 
constant, namely, p", which is detei mined by the condition that tho 
saturation-pressure at 100 C is TfiO mm. Tho v.ilues of tho othor 
constants which occut in this equation have liccn already given, 
namely, 

S° =- 0 4966 cal /deg I, - 393 5 cals II - 011037 cal /dog. 

Tho value of O', which is also one of the fundamental ilata, is taken as 
lwing 273“, but is unreitaiii to tho extent of 0*1* Dividing tho oqua¬ 
tion liy It, and iciliiuiig to common logarithms by tho modulus log, 10 
=• 2*3026 = mi, wo obtain tho numerical foimula 

log! op/p" - 8 554Z/0 - 4 561 F(<?) + (jjc -/r*)/«Bd 

-(<l<j>-dli/6)/niH . (36). 

in which F(6>) Htands for the function logm 0/0’ - 1/mO. I have used this 
form for calculation, and havo given tho v.ilues of tho separate torms in 
Table V so as to show their iolative importance It is also possible to 
write tho formula in tho shape, log p = A + B/0 + C log 0 + small 
terms, but this docs not show so clearly the iolative effect and im¬ 
portance of L° and S'. 

The values of tho saturation-pressure in the column headed p aro 
calculated by the complete thermodynamic formula (36). Tho values 
given in tho column headed Kognault are those of Bognault, recalcu¬ 
lated by Peabody and reduced to latitude 45'. Tho difference expressed 
in degrees of temperature is given in the last column, and is probably 
within tho limits of error of Kegnault’s observations and of the empirical 
formula employed to represent them. If wo refer to the actual obser¬ 
vations of Kegnault, wo find that the discrepancies of individual 
observations at any point, expressed in degreos of temperature, exceed 
the values of the differences shown in the last column. We also find 
that in most cases the actual observations agree better with the single 
formula (36) than they do with the two empirical formula, oach with 
five arbitrary constants, from which the values in the column headed 
• ‘ Phil. Msg.,’ rol. 21, p. 800. 
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Table V.—Saturation-Pressures of Steam. 
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0 5838 
1 0032 ! 
1 5113 

1 -9387 1 

2 2932 
2 6120 
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0 

-0 0019 
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-0 0367 
-0 0603 
-0 0872 
-0 1169 
0 1183 
-0 1817 
-0-2163 
-0 2311 


0 

+0 0003 
+ 0-0001 
(0 0020 
+ 0 0030 
+ 0 0066 
+ 0-0101 
+ 0 0132 
+ 0 0211 
+ 0 0279 
+ 0-0357 
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-0-0001 
-0 0002 
-0 0005 
-0 0008 
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-0 0018 


4 66 
17 68 
53-55 
119 63 


1-60 
17 H) 
51 01 
118 80 


760-00 
1101-1 
2710 5 
4657 
7516 
11684 


700-00 
1190 5 
2717 0 
4052 
7537 
jll661 


nur. 

0-18 
0 26 
O 20 
0 12 
0 01 
0 00 
0 02 
0 02 
0 05 
0 05 
0 08 


Regnault were calculated. Taken in conjunction with the differential 
throttling experiments, and with tho direct measurement of the specific 
hoat by tho elect!leal method, this is very strong evidence that 
Kegnault’a formula for the total heat is incorrect, and that the values 
of the total heat and latent heat given in Table III, and suppoited by 
tho experiments of Gnffiths and Joly, should 1 h) accepted in its place. 


“ Note on Inquiries as to tho Escape of Gases from Atmospheres." 
By G -Johnstone Stonkv, M A, Hon I).Sc, F E.S Boceived 
and Bead June 21, 1900. 

We have now three investigations which profess to supply informa¬ 
tion about the escape of gases from atmosphoros. Two of them, those 
of Messrs Cook and Bryan, reason forward by the help of the kinetic 
theory of gas from the supposed causes, tho third, which is that pre¬ 
ferred by the present writer, reasons backward by tho help of the same 
theory from the observed effects. 

Mr. Cook’s investigation, which will lie found in the ‘ Astrophysical 
Journal' for January, 1900, seeks to compute the proportion of mole¬ 
cules which can attain the speed requisite for escape by means of the 
formula which Maxwell published in 1860, assigning the proportion of 
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particles whose speed lies between v and r f ifa, in a system of colliding 
particles intended to icpiescnt an isotropic portion of gas. 

Professor Bryan's imestigation* is based on the investigations made 
since I860 into the way in whuh eneigy lends ultimately to lie par¬ 
titioned among the \ anons motions possible within a self contained 
dynamical system of laxlies The system need not lie isotropic, smeo 
the lushes may lie moving in a constant field of foxc 

An inquiry by tho present winter into Mi Cook’s method of dealing 
with tho problem is attempted in the Mav and June numbers of tho 
‘ Astrophysical Journal ’ foi 1900, and in the piesent paper a similar 
attempt is nuvde with roforenco to Piofcssoi Bi van's 

Both Air Cook and Profcssoi Itiyan pi edict the projiortion of mole¬ 
cules which can escape from an atmospheio by deducing the proportion 
fiom its supposed causes, anil m this lespcct aio in contiast with an 
investigation previously published, winch sought to ascertain fiom the 
oliserved effects of escape where and on what scale it h.it> in fact taken 
place (Reo memoir by the present writer in tho ‘Scientific Transactions 
of the Royal Dublin Society,’ vol 6, Part 13, or m the ‘ Astrophysical 
Journal ’ for January, 1898 And for further oudouce that helium is 
escaping fiom the oaitli, seo ‘Nature’ of the 24th May, 1900, p 78.) 

Where, as in tho present instance, the a pi m i and u posteiiori 
methods have led to inconsistent iminciical lesults, thcio must lie a 
mistake or mistakes somow heic, and it is iiicumlient ujxm us to search 
till these are detected If they can be found mid collected an 
important advantage will lie gamed Pmfessor Biyan, .it tho end of 
bis letter in ‘Nature ’ of tho 7th June, 1900, indicated one place whore 
a mistake may havo been mado, vu , m the .issumed ielation liotween 
temperaturo and the kmetii energy of the ti anslational motions 
Another mistake may perhaps have boon mado in assuming tho legiti¬ 
macy of treating the piutition of energy when nioleiules movo in a 
field of force, as though tho only partition to lie considered is between 
these molecules, wheroas no field of force can exist unless it has beon 
produced by some physical agent, upon which every motion that goes 
on within the field must react In consoquonco of these reactions no 
field of forco in which any motion occurs can I* accurately constant, 
and a partition of energy Iwsod upon tho supposition of its constancy 
is a theorem in rational dynamics, hut has no counterpart in nature. 

Thus, in the case of tho earth’s atmospheio, the anisotropic condition 
of its outer layers is due to the field of forro which exists in the neigh- 
lxmrhood of tho earth; and when we are obligod to take into account 
this anisotropic condition, as we must whim denUmj with the esuipe of gases 
front atmospheres , this is to be done (when vre are treating the problem 
as one of partition of onergy) by includmg os molecules betwoen which 
the partition has to take effect not only the gaseous molecules,* 
• • Boy. Soo Proc ,’ April, 5, 1900, p. 385. 
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hut also all the other attracting molecules which pi ovule tho field of 
force 

[So again with inference to the never-ceasing tmmoil which goes on 
in tho atmosphere, vvhilh near tho surf.vce of the caith exhibits itself 
m tompests, thnmlerstoms, ami other phases of weather, anrl which 
in tho upper regions includes phenomena still moie extensive and 
swift Jt is manifest that theso events increase tho opportunities 
which gaseous molecules l\a\o of escaping fiom the earth, and that 
accordingly fin ,/ mild In fidm info on on id, either explicitly or implicitly, 
in every valid inquiry as to the late of escape. 

To tako them into account in an investigation based on tho partition 
of energy, we have to extend that partition to whatever agency pro¬ 
duces the turmoil. Now the activity within the atmosphere (and in 
fact almost every molar activity upon the earth other than tho little 
which is attributable to tidal action or to such minor agoncies as earth¬ 
quakes and voleanoos) is caused by the shiftmgs about of energy 
which come in between the continuous advent of energy by radiation 
from the mui, and its continuous escape from the earth by radiation 
into space. Henoo to render an investigation by tho lloltmann- 
Maxwoll law valid it is necessary to extend tho partition of onergy 
beyond tho atmosphere—first to tho solid eaith, so as thereby to take 
account of the anisotropic character of some of tho atmospheric Btrata 
(which facilitates the escape of gas); and secondly to ombraeo at least 
the sun and tho tether hotwoen tho earth and sun, so as thereby to 
take into account the turmoil in tho upper regions of the atmosphere 
(which further increases the rate of escape). It booms to lie only when 
these extensions shall have been effected that a generalised law such 
us the Boltmann-Muxwell law for tho partition of energy hotwoen tho 
various degrees of freedom can become competent to furnish any 
information with reference to tho rato at which gaseous moloculos 
actually do escape from the eiuth.—July 17, 1900.] 

Then us regards temperature. Tho temperature of a solid is in 
reality twofold; it is oither its radiation temperatme or its conduction 
tempcrutuio. These uro physically distinct, although in all but some 
exceptional cases they are so nearly proportional to one another that 
they may lie givon tho same mathematical expiossion. So, again, when 
deeding with gases we do well to keep in mind the essential distinction 
botween radiation temperature and what may he called convection 
temperature. The temperature of an isolated gaseous molecule moving 
by itself through space is of the first kind only, and depends exclu¬ 
sively on tho energy of the internal motions—those motions within 
the molecule which enable it to absorb or emit radiant heat—and U is 
in no (legist affected by the kinetic energy of the translational motion of 
the molecule; whereas if the same molecule form part of a gas, it meets 
with encounters with other molecules or with the walls of a containing 
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vessel, and at each such oneounter there is a partition of energy 
between tho translational and the internal motions, and in consequence 
of this the kinetic energy of tho translational motion liecomes a part of 
what determines that average powor of absorbing and emitting radiant 
heat which (when estimated over a time embracing a sufficient number 
of encounters) is tho piopor definition of tho radiation temperature of 
the molecule. Accordingly tho aicr.ige kinetic energy <>t tho transla¬ 
tional motions of tho moloculo enteis into its mathematic al expression. 
If the gas be dense, oncounters ato frequent, and At, the time requi¬ 
site for the averages, may be hnef. In this case the radiation tempera¬ 
ture of a molecule, while the gas is imdorgomg Rome change in its 
condition, is predominantly the outcome of its encounters, and depends 
mainly on the molecules that snnouud it; whereas if tho gas be very 
much attenuated, then tho indiatiou temperature of tho molecule 
during a period of transition will depend mainly on what influences 
then reach it from the suitotinding .ether, and will bo but in a subordi¬ 
nate degree affected by the encounters to which the molecule at about 
that time happens to lie subjected 

This is a matter which needs to bo very fully taken into account 
when we attempt to estimate tho escape of molecules from tho earth’s 
atmosphere, inasmuch ns a large part of tho heat radiated by tho sun 
to-the earth is absorbed by the gaseous molecules which happen at 
the timo to be moving about in thobe Htrata of the atmosphore from 
which alone there can lie any effective escape Acconhngly it will 
need to be carefully scrutinised whothor this has lieen either explicitly 
or implicitly taken into account in the attempts which have lieen made 
to determine a jtrwrt tho late of escape. 

When the moleculos of a gas or of a mixture of gases move in a 
field of force such as that surrounding tho earth, convection currents 
can exist, and the term temperature as applied to the gas becomes 
ambiguous. It may have eithor of two distinct meanings, one of which 
has reference to the transport of heat by convection and by the con¬ 
sequent sweeping of successive portions of gas against bodies immersed 
in it, and the other has reference to tho exchanges of heat by radia¬ 
tion with those or with more distant Irodies. These are different 
physical events, and the assumption that they stand in a fixed ratio to 
one another is convenient, but is often not true. It is probably legiti¬ 
mate to regard it as approximately holding good in a gas which has 
nearly reached a final, i.e., an michanging condition, and where the 
problem with which we are deahng docs not need our making any 
closer scrutiny than as to what on the average happens to u sufficiently 
large swam of molecules within a sufficiently long duration; but it is 
hot true while gas is passing through transition stages, nor is it true of 
individual molecular events or of small swarms of events, even in gas 
which hss reached its final state, 
you utvu. y 
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Now none of tho gases of the atmospheio have even approached 
any such state Changes ineessuitly go on in the open an at the 
bottom of the atmosphere and tho extent and abruptness of the 
changes that as incessantly go on m its upper regions are pi ob ably 
greater 

Again the consequences of cumulitive effects insing in the llbmit 
ibletruns uid combinations of encounters that tie t iking place and 
of associ ited events in the “ethei will ilso need to lie either explicitly 
oi implicitly tikon into tccount in anv valid investigation of the 
escapo of gtsei fiom itmosphoies by the deductive method 

All the tucuniitunccs that hive been icfoncd to woull have to 
appeui among tho data of in oidinuy dynunueal mvestigation of the 
escape of an individual molccidc fiom an atmosphere if such an 
investigation were possible and tho claim of t gonci tlisod theorem 
like that of the paitition of encigy to tender it unnocessaiy to go into 
these details ought to l>e cticfully sctutinised In one ctse it least 
the claim does not ippetr to stand this test vi/ in icference to the 
supposed legitimacy of the issiunption thit the hell of foiee snriound 
ing tho oaith is const utt Th nigh its vaiiations aie minute thov are 
nono tho lost, teal and aie duo to interactions between each gaseous 
moloculc and all the molecules of the solid earth as real as are the 
interactions lietwccn gaseous molecules when they encounter and as 
much entitled to lie taken into account when wo seek to carry on the 
lmestigition in tho legion of genet duel propositions It Bhould he 
kept in mind that in rofoienee to whit happens within this region, 
the plea of liciug so minute as to lie of negligible amount is not 
idmi88ible Whether a very small factor may or mty not be neglected 
must be dototmmed independently in oath 111 dm lull e isc and in the 
ibove instance tho decision is that it m ty not lie neglected 

Othei collections might lie suggested along with tho principal ones 
noticed tliove— that lohting to the two kinds of temperature, that 
ielating to the field of fotce and thit rditing to turmoil in tho atmo¬ 
sphere but w hat seems most to lie w anted is that w c should recognise 
that any law for a distribution of encigy within the atmosphere by 
itself can onlv come approximately mtu practical effect after the lapse 
of a sufficient dur ition and throughout a oolumn of the atmosphere 
from which accidents are excluded, and that this law will not be the 
Bolt/m um Maxwell law, which may not lie so restricted 

Thus let ns imagine a cylinder like a greit Tower of Babel, reaching 
to the top of the atmosphere, with walls competent to intercept dynami¬ 
cal, electrical and all other extraneous influences other than gravitation 
The air within this tube would consist of molecules, moving in a field 
of force caused mainly by the earth’s attraction and rotation, and this 
column of an might perhaps after some such period as a month, a year, 

centurt, 01 a thousand years nearly attain such a distribution 
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energy as that indicated by some law. But if while this process is 
maturing a wind overthrows the tower, sweeping away the air it con¬ 
tained and substituting other air under new conditions, and subject to 
all the chances of upmshos, dowimwhos, thunderstorms, auroras, 
cyclones, cloud, sunshine, rain, &c , then after all or any of these 
or of the like accidents, tho tower would have to he rebuilt liofore 
any portion of the atmosphere extending from the bottom to the top 
coidd find itself in a position even to commencu tho first steps of an 
advance towards at somo future time complying with the law. 

Tho supposition then that the Uolumaiin-Maxwell law can bo 
restricted within our existing atmosphere would appear to bo a mistake; 
and if so the inferences from that law aio not part of a real interpre¬ 
tation of nature. It need not thoroforo 1* mattei of stirpiiso that, in 
the case of helium, tho facts of nature seem to negative those inferences. 

The weathoi which will prevail o\er the earth this day month will 
lie the ontcome of tho present molecular state of tho earth, and of the 
molecular events which will happen in the meantime ; but our power 
of stating in mathematical form the existing state of the earth, and our 
knowledge of moloctdar physics, are not such as would enable us to 
predict that future weather by the « jnum or deductive method of 
proof. Tho difficulties in this case .110 easily seen; and they are 
instructive, since the escape of gas from tho eaith depends on pheno¬ 
mena which are probably as complex as thoBo which detormino the 
weather and as bttlo amenable to treatment by the deductive mothod. 

Any such distribution of onorgy as that assigned by the Boltxmann- 
Maxwoll law woidd, if it could be realised, be brought into existence 
by the gradual effaccment of excesses which had previously existed ; 
from which it would appear to follow that excesses prevail in our 
existing atmosphere greater and more numerous than could exist in an 
idoal atmosphere that olicyod that law. It is probable, therefore, 
that in our actual atmosphere there are more opportunities for the 
escape of molecules than there would be in tho ideal atmosphere— 
a conclusion which accords well with the fact that the actual rate of 
escape exceeds those computed by Professor Bryan and Mr. Cook. 
(See 'Nature 1 of May 24, 1900, p. 78, second column.) 
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" South African Horap-Mckucm: its Pathology anil Methods of 
Protective Inoculation" By ALEXAXDKtt EiJlN’iiTON, M.B, 
(’.M , F.U.SE., Director of the Colonial Bacteriological Insti¬ 
tute, Cape Colony. Communicated by Sir David (Jim., K.BM. 
Beceived August -0, 1900 

This disenso, so far as is known, is peculiar to South Africa 

While affecting the Transvaal and Kliodcsin evory yoar— hoginning 
aliout tho end of Octolior and continuing until the following May, or 
even later—it only affects the Capo Colony ami Natal m an epizootic 
form in certain years, although sporadic < ascs occur annually in certain 
localities. 

.hnnwU Affected. —It afTects horses, asses, mules, and it has heon 
nasortod- although I have never seen such cases—that quaggas have 
also been killed hy it. 

A disease which occurs to a limited extent among cattlo, called hy 
the natives Imapnnga, and one which exists as a widespread plague 
among high-bred sheep and goats in the Eastern Province of Capo 
Colony, are each closely related in their pathology with thiR malady. 

Aieas hfcMeil —The most ilangornus areas are those which are 
relatively low-lying—independent of tho almolutc altitude of tho 
district. 

Pd iod of Infection .—It has been commonly observed that whore 
animals during a season of sickness are not permitted to graze after 
sunset and lioforo the sun has dried up tho dew fiom the horhnge, they 
do not so commonly become affected as where such a routine is not 
carried out. 

Horses which are stohloil during the night are, as a rule, safe, but 
during last year CO per cent, of the stabled horses in Eshowe, Zulul&nd, 
died of this sickness. Veterinary Lieutenant Coley, A.V.IX, who kindly 
made tho olisorvatioris for mo, stated that these horsos were mainly 
foil on Guinea or ITliaaba grass mixed with forage or Indian com. 
This grass was usually cut in the evoninga and mado into bundles till 
next day. Thoso who took particidar care to have the grass 
thoroughly dried in tho sun before using it did not lose their horses, 
while those neglecting this precaution lost heavily. 

The disease is only directly contagious; for while inoculated horses 
have died in my stables among clean animals, I have never found, 
during observations extending over seven years, a single case of infec¬ 
tion from such a source. 

The annual mortality in Rhodesia and the low-lying parts of the 
Transvaal amounts to over 90 per cent. 

Animals which have recovered from the sickness are termed 
'salted,” and are from six to ten times increased in market value. 
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SeemuhiMf Freer 

Animals which are “salted” arc liable to subsequent attacks of 
fever which have no necessatj relation to fresh infection. I have 
ol(served numerous cases of this description among the “salted” 
animals under my olisetvation and dining pounds when the sickness 
was unknown. 


til/Mjdoill* nf th' Ih'<II'I 

It occurs under two foims the Dikkop/iekte* and the Dnnpaarde- 
ziokte t In the foimoi the head and neck swells up enormously, thus 
affording tiustwoi thy indications of illness duting life. In the latter 
form, os a rule, no symptoms appear until close to iho penod of death, 
when the animal laconics subject to veiy rapid breathing with heaving 
at the flanks. At the moment of death, in both forms, it is common to 
find a huge cloud of white foam ojoitcd fiom the mouth anil nose. 
This foam is produced from a free exudation of blood plasma into the 
air passages 

Owing to the fact that the animals suffoiing from the Dunpaarde- 
ziekte show no symptoms until towaid the end of tho pound of illness, 
it had come to be believed that the whole pound of the ibsease wab 
limited to a few hours’ duration. 

Povt-iiimte m Phenomena - 

The pericardium is almost invaiiably filled with a yellow fluid 
which, whilo usually clear, is sometimes blood-stained. Solidified 
gelatinous exudate is frequently found in relation to the beginning of 
the aorta. The pleural cavity is frequently occupied by yellow fluid, 
and the interlobular and sub-pleural tissues are also frequently dis- 
.tended by this material. The interlobular tissue is frequently so dis¬ 
tended by exudation that tho lung tissue proper is dissected up in all 
directions. The subcutaneous tissuo, especially alxmt tho great vessels 
in the neck, is commonly found to be iuvadod by thiB exudation, while 
in the Dikkopsiektc tho swelling of tho hc.nl ami neck is due to this 
effusion. 

The yellow fluid of the pericardium and tho pleurm is spontaneously 
coagulable in tho presence of minute traces of blood. 

These represent the more characteristic pathological conditions 
obtaining in this disease, among .which one characteristic is most 
noticeable by its absence, e.g., inflammatory phenomena. Pathological 

* Dikkopdekte,a Dutoh word signifying “thick.head sickness,” is applied to 
the form in which the swollen head is the most obvious symptom. 

t Pnapaardwriekts," thin horse-siokness," applied to the form in which the head 
in UMa or not at all swollen. 
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phenomena are, therefore, for the most part to he ascribed to the 
marvellous exudation of blood plasma, which, while seen more or leas 
throughout the serous and suhcntanoons tissues, is best marked within 
the thoracic cavity. 

In my annual reports as Director of the Colonial Baotoriological 
Institute I haie referred to the morbid anatomy in greater detail. 

Inoraltilm K i/n unent*. 

For tho purpose of convoying to healthy animals tho infection from 
those already sick three materials have l>een made use of, viz.— 

1. The yellow fliud from the trachea of infected animals. 

2. The yollow fluid ftom tho pericardium of infected animals. 

3. The blood of infected animals. 

Tho use of tho fiist two fluids has not always been successful in 
sotting up the disease, but fresh virulent blood has invariably proved 
successful. 


Milhwhof Use tij tin Matnvih mentioned. 

(a.) By subcutaneous injection. 

(ft.) By insertion of a soton, impregnated with the fluid, under the 
skin. 

(<*,) By drenching, e.g., giving a (lose by the mouth. 

Sites Selected. 

(a.) Directly into tho lung tissuo by hypodermic needle operating 
through tho skin over an intercostal space. 

(ft.) Into the subcutaneous tissue of the nock. 

(r.) Into tho subcutaneous tissue of tho flank. 

(d.) Intravenously. 

Any one of the channels selected is equally suitable, but the incuba¬ 
tion period is somewhat shorter when the mtravenous method is used. 


Period of Incubation. 

When the malady is induced by the inoculation of 2 or 3 c. 0 . of the 
blood of an animal which has died from spontaneous disease, a mean 
period of eight to nine days supervenes, after which the temperature 
begins to rise. The elovation is gradual, with remissions during the 
night, but attains to 106° F., as a rule, before death, whioh usually 
occurs after four or five days of fever. 
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Preservation of the l r n w.. 

After having transmitted the disease through a succession of animals, 
I found it possible to preserve its virulence unimpaired through a long 
period of time. 

I bleod the animals into tattles which hold 800 e c. of fluid These 
bottles are piepued by placing in them 50 c.c. of a 10 pel cent, solu¬ 
tion of neutral citrate of potash and plugging the necks w ith cotton 
wool. Such tattles ate sterilised in the autoclave pic\ions to use. 
After being filled with blood, the influence of the citrate arrests coagu¬ 
lation, and the coipuscular matter soon subsides, leaving the more or 
less clear plasma stave The latter is drawn oft' to half the original 
bulk, and is replaced by a 50 per cent, solution of glycerine and watci, 
containing 0 25 per cent, of puio carbolic acid. Such a mixture 
preserves its viiulencc quite unimpaired foi on or two yeaio One c.c. 
of this material serves to induce tho disease in its characteristic ’form, 
but if the dose is increased to 3 or 5 c.c, tho period of incubation is 
shortenod, and tho post-mortem phenomena aie lean characteristic. 

From the observations I have made I have found that the subcu¬ 
taneous injection of fresh or properly preserved horse-sickness blood 
produces symptoms durmg life, and shows pathological changos after 
death which arc not to be distinguished fiom those found in the 
spontaneously occurring cases of the lung foim of (ho disease. It is 
somewhat remarkable that tho only cases in which I have succeeded ill 
producing tho Dikkop form were those in which the vims which was 
used was somewhat septic. When, however, 1 have inoculated virulent 
preserved blood into‘partially protected animals, I have in a number of 
cases, although not in all, produced this fora. In three cases where 
the virus used has been sufficiently attenuated as not to produce death 
but a longer febrilo period than is found in tho fatal cases, I havo also 
seen the Dikkop form produced. 


Effect of Desiccation on the Vs m. 

Citrated blood dried in a thick layer was rendered uon-virulent. 
Where, however, such blood was rapidly dried on glass plates in very 
thin layers it Was found, when 2 granimcs was dissolved in salt solution 
and injected into horses, that it produced fever, hut not in a virulent 
fonn.t The fever thus induced gave practically no protection against a 
dose of virulent blood at a subsequent date. Mild attacks of home¬ 
sickness do not, however, give such protection m is required to resist 
virulent blood. 
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Experiment* made in regard to Pioterhee Inundation. 

The yellow fluid from the pericardium of an animal which had died 
from tho disease was filtered through a Pasteur filtor. 100 c.c. of the 
filtrate was injected subcutaneously into a horse. Eleven days later it 
was inoculated with 3 c.e. of preserved blood mjoutod subcutaneously. 
The result, which culminated in death from oidinary horse-sickness, 
showed that no protective influence hail- been exerted by the flltored 
fluid 

Effect of Cabinet —This drug, in doses of 30 to 60 grains daily, had 
the effect ot retarding death, and tho blood of such animals drawn at 
poriods later than that at which death usually occurs was distinctly 
weakened in virulence Such blood has on several occasions, though 
not in all, induced attacks of the disease, from which tho animals not 
only recovered, but acquired pt otection against virulent blood injected 
subsequently. 


Tianfeience of the lHvase to olho A nuuuh. 

(a.) Donkey*. —Tho subcutaneous or intravenous inoculation of 
donkeys with fresh virulent blood is followed by fover. The period of 
onset is irregular and uncertain, while the duration of the febrile 
period varies from one or two days to, in my oxpouence, a week or 
more. 

The amount of tho virus used has some relation to tho severity of 
the fever, but the special susceptibility of tho animal is tho principal 
faotoi in deteiminiug the degree and duration of the fovoi. 

Two donkeys, equal in age, were inoculated respectively with 1 c.c. 
and 60 c.c. of the same blood. In lioth cases a moderately severe 
reaction followed, and while the animal receiving tho injection of 60 c.c. 
was rather more severely affocted than the other, the difference on the 
whole was but sbght. 

In all I have inoculated twelve donkeys, and, while none died, the 
difference in susceptibility was most dearly demonstrated, some 
scaroely showing any reaction at all. 

(A.) Cattle. —The susceptibility of cattle to tho inoculated disease is 
excessively variablo. I have inoculated twonty-one cattle. A definite 
febrile roaction was produced in seven cases, and four died. 

In the case of one which died, and in which the symptoms produoed 
were quite characteristic of those found in horses, the inoculation of 
its blood into a clean horse was followed by the usual period of incuba¬ 
tion, the onset of fever, and death from characteristic horse-sickness. 

The disease known as Imapunga, which occurs to a limited extent 
among cattle, presents features which in every respect are identical 
with those produced in susceptible cattle by the inoculation of virulent 
horse-sickness ^lood. 
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(r.) Goats .—Angora goats arc also to a limited extent susceptible to 
horse-sioknoss infection. Of seventeen which were inoculated, a 
febrile reaction occurted m ton; no no died. From ono of the ten 
blood was taken, which was used to inoculate .nt ox. Tho lattei 
animal developed fever, and died with exactly similar symptoms 
during life, and showed the same |xmt-moitem conditions as the ox 
already icfeircd to, whose blood, when inoculated into a hoise, pio- 
duced charactenstic horse-sickness. 

(</.) Sheep .—Sheep aie also susceptible Of ten which wore inocu¬ 
lated, six showed a well marked fchnle loartion, but none died. 

I have not succeeded 111 tiaiisfeiiing the disease to labbits, guinea- 
pigs, rats, or mice. 


The Tiomtiimimt of tin Diva* fm Ptoteifin him utntum hi/ Menus oj the 
I hoi libitum of Fit'll litnul 

The inoculation of lioises with the blood of donkeys which wore 
8uffoting from fever pioduced by inoculation has boon attended with 
most varying results. 

In some cases death Lis been pioduced, in some an iiregular febrile 
period, while m others no apparent tosult has followed Tho period of 
onset of the fevor has likewise been mostvanable In some cases a 
reaotion has been sot up corresponding to the noimal period of incuba¬ 
tion which obtains in horso-sickness, while in other cases reaction has 
been delayed for more than 25 days. 

Influence of the Jteintiou pmhirtd 

Where fever has sot in oil or almut tho eighth day, Iwcn moderately 
seiore in degree and duration, and subsequently subsided, a very 
definite degiee of protection has been pioduced, although seldom high 
enough to sot up such a resistance as to opposo (loath when the animal 
was subsequently inoculated with virulent blood. 

A striking demonstration of variable susceptibility among horses 
was furnished during those experiments. Of three horses and one 
mule which were oach inoculated subcutaneously with 5 c.c. of fresh 
blood 

The mule had no reaction. 

Two horses had scarcely any reaction. 

* One horse had a good reaction. 

In the case of the last horse, when subsequently inoculated with 
virulent blood it suffered severely and just managed to recover. The 
others had not been protected to any appreciable degree. Obviously, 
therefore, the susceptibility of the last animal had been such as to 
admit of infection from the donkey’s blood producing reaction and the 
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establishment of protection, whoreas the higher degree of insuscepti¬ 
bility of the other animals resisted infection, and in this way evaded 
the onset of protection. This phenomenon forms the greatest barrier 
to protective ino< illation, and has eontnbuted to the enormous trouble 
I have experienced m der ising a practical method of piotective 
inoculation. 

The fresh infected blood of cattle, sheep, and goats is still moro 
variable m its results than that obtained from the donkey. 

Numeious other experiments ot flic same nature have lieen made, 
all of which result in showing 

(n.) That donkey b, men, goats, and sheep possess a very iriegnlar 
suseeptiliihty to the (bsc.iho. 

( b .) That the 1i1o<k1 of donkeys which do not react may produce no 
effect when inoculated into the horse. 

(e.) 'Hint the blood of donkeys which luxe evinced moderate 
reaction may pioduce intense icaction in some hoises and 
practically none m othoi s 

(il.) Unit a mild re.iction in the donkev furnishes no definite 
assurance as regauls the reaction which its blood may set up 
in hoi sus. 

Owing to the vaiiahlc quality of the infection possessed by infected 
donkey’s blood m the flesh state, I experimented with Wood taken 
from donkeys and oxen which, after having been received, was pre¬ 
served in the manner already described. 

A large number of expenments carried out by this means furnished 
the following residts:— 

1. Protection was only obtained wheie a definite amount of fever 

hail been produced on several occasions, but unless the roaction 
was severe, the animal did not i esist tho inoculation of 1 c.o. 
of preserved virulent blood at a lator period. 

2. Tho susceptibility of horses to such a weakened or attenuated 

virus varies enormously. Of two animals inoculated with the 
same dose of the same virus injected directly into the jugular 
vein, one had good reaction, tho other very feeble. Neither 
wore found to be protected when subsequently inoculated with 
virulent blood. 

One inoculated with the same amount of the same preserved 
material two months later died from the primary inoculation, thus 
showing that even the attenuated virus can be satisfactorily preserved 
for a considerable period of time. 

In tile ease of another animal whioh was inoculated intravenously 
with this virus no result followed. Fifteen days later the same inocu 
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lation was repeated. The temperature began to Ims elevated on the 
fourteenth day, and it (lied of hoiso-sickneas seven (lays later. The 
primary inoculation m this case, while being ineffectual to induce the 
disease, had evidently lowered the susceptibility, ro that a fresh 
stimulus, by the same runs, was sufficient to overcome the resist¬ 
ance entirely. 

Having recognised that the blood of annuals which lived beyond 
the otdinary ponod .it which horsos usually (he from horse-sickness 
was lowered in uinlcuce, I determined to attempt to produco this 
change ta tiho. 

Having, thcrcfoio, prepated Wttles containing citrate solution, and 
having thoroughly stmilised them, selected animals were bled under 
the most rigid aseptic management, and the blood received in the 
1 wttlcs which, after Wing replugged, wero incubated at a temperature 
of 102 F dining ton days. In one such experiment, out of a total of 
fourteen bottles, thirteen remained perfectly free from extraneous 
organisms. Such blood after incul ration was then preserved and 
tested 

I found, m this manner, that it was possible to produce an atten¬ 
uated virus equally suitable for inoculation as that obtained from the 
donkey or the ox. 

While, however, these experiments demonstrated that it was possible 
to protect horses by lepeatod inoculations of an attenuated vims, they 
equally demonstrated the irregularity of action, owing to the varying 
susceptibility to the disease in its attenuated form which obtains 
among horses. 

Several important facts, however, which were elucidated, aie deserv¬ 
ing of careful consideration, viz..— 

Death in casos of horso-mckness cannot directly be ascribed to 
hyperpyrexia, inasmuch as several horses have recovered after having 
experienced temperatures of over 107 F.; while others, which have 
died, and, in which characteristic lesions have Wen found, have not 
had a temperature exceeding 103 F. 

Protection can lie arrived at without the production of very great 
reaction, provided that a niunWr of inoculations nro mado into the 
animal, and that those have l>eon so arranged as to proceed very 
gradually to the highest dogree of virulence. 

3. It is exceedingly difficult to determine the exact degree of 
attenuation in any particular sample of an attenuated vinu. 
I have usually attempted this by the inoculation of the virus 
into one or, at most, two horses; but if the susceptibility of 
such animals happens to be of a low grade, then the reaction 
produced may not obtain in other horses for which it 
may subsequently be used. In other words, to determine 
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exactly the strength of an attenuated vnua it would lie 
necessary alw lya to make the test on at least five animals 
4 The indication for future exponment ition w is thus to call for 
the ducovcty of some method by which % vims of standard 
virulence might lo at will reduced to iny 1 upured degree 
of attenu ition 

Ixpenments were ilso m ulo to determine whether the blood of an 
animal Buffering from secondaiy fever hid my infoctno property 
To this end animils lrndei secondatv fovoi mth tempeiaturo 
as high as 106 1 wero bled and the blood used to inoculate clean 
animals, but m no cue was any uaction produced thuth) I theie 
fore am convinced that the blood during second uj fcvei is non 
infective 


Lje/eninttU vith Smm mi Jkfilninukl Hind f in il ulthhtic 
ion cl fom Hot itch 

The expenments mule have lnclndod seium denved fiom— 

1 Animils formetlj salted 

2 Animals formerly salted and milwequontly iemoculated by 

periodic injections of gruluAlly increasing doses of virulent 
blood, the maximum dose being 1000 e c 

3 Aiumals treated as in Clause 2 but subsequently poi nutted to 

rest for soveial months and then iemoculated with i small dose 
(5 c c) of virulent blood 

Under the first cliuse, serum was obtained from a well 1 salte4* 
animal which hail been twelve ilays previous to blooding, noculstoti 
with 5 c c of preserved virulent blood 

Animals which were inoculated with 2 c c of virulent blood were 
subsequently inoculated with Urge doses of serum (100 cc or moie) 
The inoculations, m some cases began on the day that vuulent blood 
was injected, in others it was delayed until the temperature began to 
rise, but although the total amounts given exceeded 1000 c c, no 
definite interference with the course of the disease was noticeable 
Under Clause 2 ' salted aiumals were inoculated with progressively 
increasing doses of virulont blood W hon these animals had been 
inoculated with doses of virulent blood equal to 1000 c o they were 
allowed to rest for eight to twelve days, after whioh they were bled 

Of this seium, 500 c o was inoculated at one dose into a horse, 
which, during thirty three subsequent days, manifested no signs of 
illness due to the inoculation When this penod was completed, it 
was inoculated with virulent virus and as a result died ot characteristic 
horse-sickness No evidence was shown that the serum had in any 



its Pntholoqy and Method* of Piotertue Inondation )01 


May interfered with the action of tho virus Whore however, this 
serum was used to inoculate unmills which wcio ahoidy infected, a 
very curious change m the character of tho disease occurred 
Tho iiumils Itecime affected usuil!} m thi tv six hours with 
h&moglobinum which liter pissed into iumatum and ended m 
varuhlj fatally if tho disease wis \milont In two cases how over 
white tho disc iso had ?>ecn induce 1 by 111 attenuated mus, tho 
htematuna came to an end with the subsidence of tho feui In all 
this cunoiis condition w is produce 1 by serum in nineteen c ises 

Where aium ils ire bled into eiti ito solution tho plasm i is of i 
yellow colour but in cises which eventually lieoame the subjects of 
hiemituna, I noticed if they were Hod about twenty four hours pre 
vious to tho onset of this conehtion thit the plesmi was red cole mod 
It is therefore evident thit tho condition h is its ongin in the blooel 
In soveial rases animals which were pirtiilly piotected, liecamo 
subject in a slighter degree to this compileation if thoy were re 
inoculated with virulent blood and wero unable tj resist it 

This blackwater m ly hive some rohtiem ts the black water fevei in 
man It is generally believed in Khodesi i th it blackwater does not 
occur as a primary disorder but only supeuones m poisons who have 
previously been the victims of malari il fever 
It seemed to me th it this serum might in some way ho associatetl 
with a resulual infection To determine this I inoculated a “ salted ’ 
horse, which had also had repeated large injections of virulent Wood, 
with fOcc of fresh blood I bled it eight days later and with 6 c c 
of its blood moeulited a clean animal which thereafter had a very 
slight rise of temperature on tho eighth day 
An animal similaily treated was finally uiotuhted with 300 oc 
injected intravenously and 20 c c subcutaneously thirty nine days pre 
vious to bomg bled Whon bled the blood was defibnnated, and 
100 c c was injected into each one of six animals No evidence was 
shown of any mfectivity of the blood 
I now detetminod to make use of tho serum from animals which, 
under Clause 3, had been allowed to rest for periods over one month 
previous to the collectiou of their serum 
Thu serum u that which is now being used for the purpose of pro 
tective inoculation 

I have determined with regard to it— 

1 It possesses no curative action which m practice would be of any 
avail to restrain the course of the disease 
9 Since an injection of 100 cc, into one animal has absolutely no 
effect in restraining the action of 1t 1 of ordinary preserved virus 
inoculated subcutaneously on the other side, it does not poems any 
immunising power which would be of practical value m withstanding 
infection 
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3. Its germicidal activity is extremely weak, as is shown by the 
following experiments 

(a.) 1 o v. of fresh \ indent blood was mixed with 100 c c. of sortim, 
and after being kept for twenty-four hours in tho ice chest 
was inoculated into a clean horse. The animal had a shaip 
febrile reaction. 

(I>.) Another animal was treated in the same way, but the serum and 
blood was injected immediately after being mixed. This 
animal also had a reaction, but less severe than the former. 
Variation of susceptibility mnst of tourso lie taken into account, 
and, in order to establish this conclusion satisfactorily, a con- 
sideiable number of animals would require to have been simul¬ 
taneously dealt with. 

(r.) Equal volumes of scrum and preserved blood were mixed and 
kept at ordinary room temperature for four days. Of this 
mixture, 2 - 5 ce. was injected subcutaneously into a_ clean 
animal. Fever sot in after tho usual period of incubation, 
pursued its characteristic course, and the animal died under 
circumstances and in tho usual time which obtains after the use 
of pure i indent blood. 

Since 1 c.c. of vimlent blood mixed with 100 c.c. of serum pro¬ 
duced a sharp febrile reaction in one animnl but hud practically no 
effect in some others, and sinco 1 c.c. of blood and 200 c.c. of serum 
produced a reaction in another animal, it was cloar that under this 
method also I should have to moet differences of ammal suscepti¬ 
bility. 

It was so far fortunate that preserved i indent blood actod equally 
well as fresh blood, so that u standard vii us is easily prepared a nd 
maintained, and by mixing the sonim of a considerable number of 
animals I am able to standardise a large volume of serum. 

I concluded, therefore, to determine tho amount of serum which, 
when mixed with a definite amount of blood, would serve, acting in 
concert with the natural protective bodies in tho system of the average 
horse, to ensure the production of the modified disease. After fourteen 
days shoidd have elapsed subsequent to this inoculation, provided a 
severe reaction was not set up, I intended to re-inoculate with the same 
dose of virulent blood, but with a much reduced quantity of serum. 
Again, after fourteen days, tho procedure should be repeated, the dose 
of virulent blood remaining a constant quantity, but the dose of serum 
being still further roduced. Finally I intended to inoculate with 
virulent blood by itself. 

In the first throe series of experiments sixteen hones were used. 
These were inoculated ss follows;— 
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1st Inoculation 1 e.c. \ inis and 100 c.c. serum (10 animals). 

1 c.c. „ 90 c.c. „ (4 animals). 

O'5 c.c. „ 50 c.c. „ (2 animals). 

{ A slight variation 
of the quantities 
was made in 
several cases. 

4th Inoculation 0 5 cJc. piuo preserved a indent blood 

The following shows the losidts obtained, and where the remark 
“ salted ” is made, it is to lie understood that the animal haB, at later 
dates, withstood enormous (Iohos of the mobt vn ulent blood. 


Animal. K pact ion Result. 

1st. No reaction at all . Salted. 

2nd. Reaction to 1st only . „ 

3rd. No reaction „ 

4th. Slight reaction after all four .... „ 

5th. Reaction to 4th . Died 

6th. Slight reaction to 1st.. 

7th. No reaction . Salted 

8th. Reaction to 4th . Ihod. 

9th. Slight reaction to 3rd; after 5th... „ 

10th. Slight reaction to 4th . Salted. 

11th. Slight reaction to 4th. „ 

12th. Reaction to 5th. Died 

13th. No reaction . Salted. 

14th. Reaction to 5th. „ 

15th. Reaction to 4th. „ 

16th. Reaction to 4th. „ 


In the next experiment seven animals were used, which were inocu¬ 
lated as follows:— 

Inooqlationi 

1st 1 c.c. virus and 100 c c. serum. 

2nd 0'5 c.c. „ 25 c.c. „ 

3rd. 0*6 c.c. „ 10 c.c. „ 

4th. 0-5 c.c. „ 1'5 c.c. „ 2 hail 0-5 c.c. pure virus. 

The results wore as follows:— 

AaJmal. Reaction. Remit. 

lit Slight reaction to 5th . Salted. 

2nd „ „ 3rd and 5th. „ 

3rd No „ 4th . After a large dose of pure 

virus, died. 
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A m mu 1 'Reuctioii. Keault. 

4th. Slight re<iction to 2nd Salted. 

5th. No „ 4th . After a large dose of pure 

virus, died. 

tith. Slight „ 2nd Salted. 

7th. „ „ 3rd . 

Xu// - Where “ Bth ” is mentioned, it refers ,o a dose of pure virulent 
blood. 

Total animals inoculated 23 

„ „ died. 9 

„ „ salted. 14 

The tests thus applied have lieen of tho most severe character, and 
despito the fact that these are only of the value of preliminary experi¬ 
ments, the lesults arc extremely satisfactory. 

Obviously animals have lieen sacrificed which, under altered methods, 
might have lieen saved, for the outcomo of these inoculations goes to 
show that, unless some reaction has been produced during the earlier 
reactions, there is no certainty tliat an animal k protected. Never¬ 
theless it is equally proved that somo have become highly protected 
without having shown any reaction at all. 

The indication, therefore, has lieen to increase the dose of the virus 
used in the primary inoculations, ovon at somo lisk to the more 
susceptible animals. 

In a subsequent serios of animals this has been carriod out in the 
following manner:— 

1st. Inoculation 2 c.c. virus and 50 c.c. serum. 

2nd „ 2 c.c. „ 20 c.c. „ 

Twelve animals havo been simultaneously inoculated in this manner. 

The reactions produced have been as follows •— 

Animal. l*t Inoculation. 2nd Inoculation. 


1 

None. 

None. 

2 

Slight. 

Slight. 

3 

„ 

„ 

4 


Severe. 

5 

Slight. 

None. 

6 

„ 

„ 

7 

Severe. 

Slight. 

« 

Slight. 

„ 

9 

Ifaje. 

„ 

JO 

Slight. 

„ 


n 

None. 

X 

„ 

, Severe. 
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Since one animal, after the first inoculation, had a severe inaction, it 
is evident that the limit of Htienglh, consistent with uafoty, had lieen 
ranched. The reactions, in the two cases, after the socond, were 
extiemely severe, and indicate that the limit of stiength of vims for 
that inoculation hod lieeii slightly e\tceded, if a widespread scheme 
of operation had lieen ntended to he cm led out among animals in 
tho open 

These lesults would '.eeiu to indicate that loitified seiniii, < 1 /, that 
obtained from animals which, altei “ sailing,” have lieen lenioudatod 
with large closes of \irus, uxeilsa petului and definite action on the 
m us. 

While, howover, 100 c.c.of scinin suffices to prevent 1 e e. of virulent 
blood, when mixed with it, producing any great elevation of tero- 
poratuio, T have referred to a case 111 which a severe icaction was 
produced. Since, ui another case, 200 e.e. of the same setum, with an 
equal amount of undent blood, w.cs tollmved by a reaction und a 
definite amount of protection, it is evident tliat the diffeienco in 
susceptibility between the latter animal and those which rant slightly 
aftei 100 c c. of seium and 1 e.e. of vindeut blood is equal to 100 e c. 
of foi tifiocl serum. Moroovor, ns alieady shown, when the virus is 
attenuated by its passage thiuugh loss susceptible animals, such as the 
donkey or cow, its effect, when used in the same dose, either by sub¬ 
cutaneous or intiavenoiw injection, vanes veiy gieutly 111 different 
animals; in some producing no evident icaction, 111 othois setting up 
some fevei ; while, again 111 othcis, its use was followed by the onset 
of the virulent disease j exulting 111 death 

If, therefore, the admixture ot serum with undent blood is followed, 
on inoculation, merely by a modifiod foim of tho disease, it must be 
concluded that the serum, of itself, cannot lie ciedited with this result, 
but that a peculiai quality, existing in the aiiunal I tody, and varying in 
amount from animal to animal, must play an mipoitant part. Whether 
this piinciple is a simple body, or is a combination of seveial, cannot at 
this moment be determined, but for convenience’ sake I would suggest 
that the name “ Antugones ” should bo applied to it. The term need 
not be takeu to imply either un antitoxic or geimicidal laxly, but 
merely to denote the “ defensive ” propeities which are already existent 
to a greater or less degtoe in all animals, or are pioduced or increased 
under special stimulation. 

Since thoroughly “ salted ’’ animals and donkeys can be roinoculated 
and infeotion proved to exist in their blood for at least ten days sub¬ 
sequent, I am inclined to look upon the protection existing in “ salted” 
animals as of the nature of a “ tolerance,” aud to believe that true 
immunity, in horses, against this disease is never acquired. 
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“ Note on the Oceunenee of u Seed-like Fructification in certain 
Pal.vo/oic Lycopuda ” By D. II. Scott, M A, PhD., F.K.S., 
Honorary Keeper of the Jodrell Laboratory, Loyal Gardena, 
Kew. Itcccived Auguat 21,1900. 

It has generally ltoen asbiimed by palceobotanists that the fossil 
seeds described b> Wilh<imson* under the name of CttuLocaipon, even 
if not necossardy cogonoric with the (’nrtitoairjm^f of Brongniart, at 
least liclougod to the sanro group of Gyranospermous plants.} 
Brongmart’b specimens, often preserved with marvellous perfection, 
have proved to lie the seeds of members of the extinct Order 
Cordaitoa-, or of allied plants. Thu same conclusion applies to 
certain of the British forms, notably the Curdtoearjxm anomahtm of 
Carruthcrs,8 which was certainly Cordaitean, and probably to some of 
Williamson’s examples. 

The specimens to bo shortly described hi the present note show, 
however, that seed like bodies, identical with those figuied by 
Williamson under the name of t'anluxaijxin anonuilu/i^W More borne on 
Lopidodendronl cones, otherwise indistinguishable from Lrjndorfiohus. 
They thus prove that under the genus VouHocarpon, and even under 
the “species” (' anomalum, totally different objects have been con¬ 
founded, namely, tho seeds of Cordaitem or Cycads on tho one hand, 
and the intogumented megasporangia of certain Palarozoic Lycopods 
on the other. Tho latter organs present close analogies with true 
seeds, but are wholly distinct in detailed structure fiom the 
Gymnospermous seeds above mentioned 

Tho discovery of the specimens of the new cone is duo to Messrs. 
J. Lomax und G. Wild, who recognised it as a Curdtocarpotirboarmg 
strobilus, resembling a Lrpvloxtiobiw.V 

The original specimens, which are calcified and generally well pre¬ 
served, were derived from tho Ganister beds of the Lower Coal- 

• "Organisation of the Foeeil Plant* of the Coal-measures,” Part VIII, ‘Phil. 
Tram.,* rol. 167, Part 1,1877, p. 264 

+ Founded ru Brongniart'* 1 Prodrome d’une Histoire dee Vigdtanx Fowdes,’ 
1828 Tire forme Cardwearpun and CarStocarptu hare been used indiscriminately 
by author*. 

J Bee, for example, Bolms-Laubacb, ‘ Introduction to Fossil Botany ’ English 
edition, p. 120. 

| “ Note* on some Fossil Plants,” ’ Qeol. Msg.,’ vol. 9.1872. 

I) Lot. ett., Port VIII, Plate 14, fig. 118, and Plate 16, fig. 119, Put X, 1880, 
Plato 20, fig. 64. These figures are from specimen* which I have certainly 
with the Lepidostroboid fructification. Others figured by Williamson am of 
doubtful nature. 

T Bee the note by Meter*. Wild and Lomax, “ On a new CsnHsswys* hearing 
itrobilus,” ‘Annals of Botany,’ March, 1900. 
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measures, some from Hough Hill, Stnlybridgo, others from Moorsicle, 
Oldham. Numerous sections were cut by Mr. Lomax aud Mr. Wild. 
A closely similar fructification occurs, at a much lower horizon, m the 
Burntisland bods of the Calciferous Sandstone Series. 

The strobilus is of the ordinary Lepulugtiolnis typo. The cylindrical 
axfe bears numerous spirally disposed sporophylis, each of which con¬ 
sists of a long houiontal pedicel, expanding at the distal end into a 
rather thick lamina, which turns vertically upwards. 

Anatomically, the structure is also that of a Isjndnghubtig. The 
stele which traverses tlio axis has a narrow ring of centripetal wood, 
and a large pith; the leaf-tiato bundles which pass out to the sporo¬ 
phylis are collateral m structure, and agree closely with those described 
by Mr. Maslon in Lcjudonfrobiit OhUutmu /<, * 

The ligule is sometimes well preserved , it ib seated in a depression 
of the upper surface of the bporophyll, at the distal end of the spo¬ 
rangium, and is thus in the normal position.! 

With one exception, tho specimens of the strobilus are immature, and 
their tissues not quite fully differentiated. Those younger specimens 
bear sporangia which arc essentially those ol a Lepidodiobuc. A 
single huge sporangium is seated on the upper surface of the hori¬ 
zontal pedicel of each Bporophyll, to the median line of which it is 
attached along almost its whole length. 

The sporangium narrows out to wan Is tho top, and terminates above 
in a well-marked ridge, in general form it resembles Williamson’s 
C'anliouujHtn unomalum, but m the immature condition there is no 
integument. Tho outer layer of tho sporangial wall has the columnar 
or palisade liko structure characteristic of lspulo\trolm, it is lined by 
a more delicate inner layer, which may 1 h> several colls thick. 

So fur the structure is simply that of a LcjmloiUiobut, with rather 
thick-wallcd sporangia. 

Within the sporangial cavity, the membranes of tho megaspores are 
usually preserved] a single large megasporo almost fills the spo¬ 
rangium, but smaller, abortive spores, with thicker waIIs, are also 
present. Some specimens show that threo of these abortive spores 
were present in each sporangium. It appears, thou, that a single tetrad 
was developed in each megasporHiigium, and that of the four sister- 
cells one only came to perfection, constituting the functional megaspore. 

In one specimen, discovered by Mr. Wild, the strobilus is in a more 
advanced condition. In its upper part the sporophylis simply bear 
sporangia, as above described, but lower down in the cone these are 
replaced by integumented, seed-like structures, identical with tho 
detached bodies called Cardtocafpon. anotiutlum by Williamson. 

* Maelen, “ The Structure of Lrpidortraiiu,” 1 Tran*, linn. Soc.,’ London, 
Ser.9, rof. 6,1W9. 

t Miolen, “ The Liful* fa Ujfidottrehui" ' Annul* of Botany,’ vol, 19,1808.' 
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Tho hti ucture of this strobilus is sufficiently well preset vo«l to show 
that the anatomy of tho axis agrees with that of the less mature 
specimens, and, as tho tissues are more completely formed, exhibits 
tho Lopidostroboid characters oven more clo.u ly 

Mi. Wild’s specimen, then, demonstrates th.it tho ('inthoraijnn 
awmiuhim of Williamson was Itornc on a cone uith all the characters 
of a Lt and that it represents tho nutuied miidition of the 
nicgaspoiaiigium and sporophyll. 

Tho detailed comparison of spocimons in tho young and tho mature 
condition has shown the nature of the (bunge, which converts the 
moga&por.ingium, together with its sporophyll, into a seed like organ 
Thcnutollus oi the latter retains almost unaltcied the stmrtnie of the 
moguspouinguil wall, with its columnar layer. In the sporungul 
cavity tho single largo megasporo, accompanied by its abortive sistei 
cells, is picsent as Itcfoie A thick integument has, howover, grown 
up from the spoiophyll, completely overarching the inogasporaugiuni, 
oxcept fot a n.iriow crevice left open at the top When seen in .1 
section Umgenti.il to tho strobilus as a whole, tins crovne is cut across, 
and present* evutly the Appeal ance of a liucropylo; in reality it 
difTois from a muropyle m being a narrow slit, extending almost tho 
whole longth of the sporangium, in the radial direction, whereas the 
micropylo of an oidnmiy seed is a more oj loss tubular passage. 

The integument spnngs from tho upper surface of the sporophyll- 
podicel; it does not consist of tho incurved margin of tho pedicel, for, 
in the more distal region, the margin of the lattoi projects consider 
ably lioyond the insertion of tho integument. 

From tho frequency of dotached specimens in tho I'uidtocarpm con¬ 
dition, it appeals that in nature the sporophyll, bearing the integu- 
mentis! megnsporangium, was shed as a whole, though parts of tho 
sporophy 11-lamina no doubt perished, only ho much being persistent 
as was uocessary to form a complete envelope to the “ seed.” 

In a strobilus associated with the seod-liko specimens, and bearing 
microsporangia, it was found that the latter, like the raegnsporangia of 
the fomale cone, are provided with integuments. This specimen was- 
figured by Mr. Moslen as a variety of Lepulotfrobui Oldlumtim* though 
possibly deserving specific rank, a determination with which I agreed 
at tho time. There is every teason, however, to suppose that this 
strobilus was a male fructification of the same species, the female of 
which bears the integumented seed-like megasporangia above described. 
Tho microspomngial integument is more widely open than that of the 
megnsporangium. 

The Burntisland specimens, which from their horizon are presumably 
of a distinct species, are at present only known in the isolated UanjUe- 
earpm condition. They are of interest for two reasons: in one *peci- 
• M»«len, ‘ Structure of Ltfidostrob**,' p» 371, Piste 87, fig. 31, 
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men the ligule la clearly shown, enclosed by the integument, the only 
example of this organ, so far observed, in the mature, seed like stage 
of the fiuctification 

Another of the Burntisland specimens is the only one as yet 
observed in which the prothallus is present * It fills a great part of 
the functional megiwpore, which is almost co extensive with the spo- 
rangud cavity, and consists of a large celled tissue, resembling the pro- 
thallus of ItocUs or Sfltgtnella The peripheral prothallial cells are 
smaller than the rest, but no archegoma could be detected 

The bodios described in this note resemble true seeds m the posses 
sion of a testa or mtegumont and in the fact that one megaspore or 
embryo-sac alone came to perfection the seed like org in was likewise 
shed entiro, and appeals to havo been mdehiscent In many points of 
detail, however, the leproductivo holies in question differ from the 
seeds of any known Gymnosporms, they afford no pioof of tho origin 
of the latter Class from the I ycopods The newly discovered fructifi 
cation nevertheless shows that certain P d rozoic Lycopods with strobili 
at first indistinguishable from Lepidodiobut, crossed the boundary line 
which we aro accustomod to draw botweon Spoiophyta and Sper 
mophyta 

As these fossils appear worthy of gcnoric rank I proposo to found 
the genus Lepidorcnpon for their reception, it mny bo buefly 
characterized as follows — 

Lepidocarpon, gen noi —Strobilus, with the characters of Lepuloetro- 
but , but nucrosporangia and megasporangia each surrounded by an 
integument, growing up from tho upper surface of the sporophyll 
Megasporangnun completely enclosed m the integument, except for a 
elitrhke micropyle along the top A single functional megaspore 
developed in each megasporangium Sporophyll, together with the 
integumonted megasporangium, detached entire from the strobilus, the 
whole forming a dosed, seed like, reproductive bodj 

It is proposed to name the Coal measure form Lepulocaipon Lemuel, 
and that from Burntisland L WMiaeum Both were included by 
Williamson under his Cardtocarpon anomalum, which, however, is quite 
different from the seed so named by Carru there 

A full, illustrated account of these fossils is in preparation, and will 
shortly he submitted to the Royal Society 

• I have sums examined a section, cut by Hr Lomax from one of the Coal* 
measure specimens, m which the prothallas u even better preserved —Ao<«, tided 
Quieter 9, 1900 


9 A. 


fot* wnt 
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“ Tlie Demarcation Current of Mammalian Nme (Preliminary 
Communication ) I The Demarcation Current of Mammalian 
Nerve" By J S Macponai r> BA T IICPE, University 
College, Liveipool, Eeseaich Scholar ot the British Medical 
Association Communicated bj riofisxoi Sheering roh, 
FRS Received July 28 1900 

1 A necessary preliminary to the study of the (list lbution of the 
demarcation curient and source is an examination of the character of 
the resistance of the particular noivta in w hich phenomena are observed 
The resistance per cm of the nerves examined—vagus, phrenic, and 
sciatic netves of dog and cat, Ac , vanes with the neive and with the 
animal 


Vagus 

Hoise, 2000 ohms per cm 

„ 

Dog, 12,600 „ 

„ 

Cat, 31,000 , 

Sciatic 

Dog, 3500 

„ 

Cat, 4600 


the variations depending upon the character of the netve and presum 
ably of the individual fibres, upon its sectional area, and probably 
upon intrinsic differences between the average salt content of the 
tissues of different animals 

But taking any individual nerve the estimated value of the resistance 
per cm vanes with the length of the piece, fiom the determination of 
the resistance of which the estimation is made 

Thus keeping one electrode at a fixed point of a nerve, the cross* 
section A, moving a second electrode fiom point to point, B, 0, D, &o, 
and measuring the resistance included between A and these several 
other points, a senes of determinations of the resistance of various 
lengths of the same nerve are made From a knowledge of the length 
of the piece and from this determination, an estimation of the resistance 
per cm of the nerve u obtained which is greater with each diminution of 
length 


Experiment -—Vagus Nerve of Dog 


Pisoe 

Length 

Besutenee 

Betmtanoe per tan 

AB 

16 mm 

89,600 ohm* 

19,700 ohm* 

A0 

so „ 

68,600 , 

19, 00 „ 

AD 

oo „ 

86,000 , 

17,000 „ 

AS 

m „ 

108,000 „ 

16,800 „ 

A* 

| 88 „ 

188,600 „ 

10,080 „ 
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The calculated resistance per cm is also considerably greater when 
the resistance is measured from one point on the longitudinal surface 
to another than in the case in which the resistance of a similar length 
is t tken from tho cross section to a point on the longitudinal surface 
and greater still than the tcsist ince of v similar length bounded by two 
cross sections 

When theiofoto i knowlelge of the resistance is reqiured as a basis 
for calculati ms a dnect doteinnnation of the resist met is only of value 
when the resistance is le pure 1 to i current having the same path as 
that used for the measure m< nt of resistance 

In any other case is when the friction of the longitudinal re¬ 
sistance corresponding to a fi lotion if the length of tho nerve is 
reqiured it is hotter to use a c ilculited value than the value of the 
directly determined resistance Ibis calculated v due is best obtained 
from the resistance per m of the longest avail vhle stretch of the 
nerve 

***** 

2 If a point on the longitudinal suifaco rs connected to the cross 
section through a pair of non polansahle electrodes and an outer wire 
path and a current is found to tiaverse the cir uit bo formed then the 
current can not only he found m tho outer wire path by means of a 
galvanometer placed in it but can also 1» followed m a return direc 
tion in tho nerve travelling in tho opposite diuction fiom the cross 
section to the longitudinal surface by means of the new differences of 
potential which the formation of the outei cncuit imme Lately estab¬ 
lishes m every intervening point of the nerve 

This is true when any arbitrarily selected point on tho longitudinal 
surface is connected to the cross section In each case tho return current 
through the nerve is found established as a now phenomenon, due to 
the closure of the outer path, and is exactly tho current due to the 
action of a source of E M F of tho value determined as the potential 
difference between tho point on the longitudinal surface and the cross 
section m a circuit of the resistance found 

h Tpertment — Vague Nenr >/ Cat 

The nerve was excised and laid upon four non polaruable electrodes, 
A, B, C, D The cross section was at A the nerve stretched a small 
distance beyond electrode D, and was suspended to tho wall of the 
Moist chamber by a silk thread 

He potential difference (so called) between points A and D was 
determined as 000712 volt 

Dm potential difference between the two intermediate points B and 
0 was aero, the posnts being eqmpotentud 

ftetae A and D were now permanently connected through the 

i a s 
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resistance of a pair of non-polarisable electrodes and a wire joining 
them, forming in all a circuit of resistanco 130,000 ohms. 


Nerve AD.<■ 123,000 ohms. 

Electrodes .— 7000 ohms. 


The length of nerve AD - 4 3 cm. 

„ „ piece BC =18 cm. 

The “ calculated value ” of resistance B, C - 54,000 ohms. 

The value directly determined = 63,000 ohms. 

After closure of circuit A, D, the intermediate point B, nearest to 
the cross section, became “ + ” to the moie distant intermediate 
point C, which was “ - ”. 

The value of this difference was 0 0028 volt. 

If in this oxpeiiment it is assumed that, (1) the only source of E.M.F. 
is that found and measured as the potential diflcroncc between A and 
D, 0-00712 volt and (2) that the path of the current is the simplo one 
of nerve electrodes and wire, t.e., the path through the nerve is simple, 
and not dividod into two Hets of resistances carrying a current in 
opposite directions (circuit completed in nerve itself) • then a differente 
of potential should be found between points B and C of this path 



-H$S> 0100712 

- 0 00284 volt, 

and this is practically the value actually found. 

In many similar experiments which have been performed, this 
agreement of value found and value calculated has been found to hold 
good within a small limit of error, entirely owing to an alteration of 
the E.M.F. due to the cross section and to the lapse of time taken 
to perform tho experiment. 

When there is a pre-existing difference of potential between the 
points B and C, this difference subtracts from tho newly-acquired vslne 
due to the closure of the circuit A, D, and the value actually found 
is the algebiaical sum of the pre-existing and tho newly-acquired 
difference. 

Since a pre-existing difference between B and C is the source of the 
* longitudinal current,” the last point in the above statement is con¬ 
sidered of importance, as tending to show that the source of the 
demarcation current and that of the longitudinal current can he 
so separable as to oppose one another in a conveniently arranged 
circuit 
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3 Similar experiment* show that the closure of a circuit for the 
observation of a longitudinal current also gives rise to similar changes 
of potential in the intervening stretch of nerve 

Similar experiments show that the closure of a circuit for the obser¬ 
vation of an ele tr l ur ntr ent affects the potential of every mtorren 
ing point in the s inie w ly 

So that if a path joining two points on a nerve is found to be 
carrying a cun out whethor it be demarcation longitudinal or 
olectrotonic this current can be traced in tho longitudinal axis of 
the nerve making use <f its gioss longitudinal resistance and not 
interfered with hy cut rents from any other of the possible sources of 
E M F , discovoro 1 1 y the determination of pre existing differences of 
potential of intei veiling points None of these sources are brought into 
action so as to affect a curient in the longitudinal axis of tho nerve 
until an additional o iter circuit if non pol uisal le electrodes and wire 
is formed for them they then it once iro brought into action and 
add to or subtract from the original 

* * * * * 

4 Long stretches of mammalian nerve—vagus sciatic and phrenic— 
of about 10 cm lo lg have been taken and laid upon an ebonite scale 
The E M 1 s avnlal lo I ctween either cioas section and the points 
distant 1 2 3 4 cm f om one enl have been systematically 
measured and fiom the measurements curvos obtained with the nerve 
is abscissa and the ordinates the FM1 lietwcen the immediately 
underlying point of longitudinal surface of the nerve and tho cross 
section 

Whatever be the difference between tho FMFi duo to tho two 
cross sections (in some cases a difference of height of maxima o 
0 006 volt the lower one r q being 0 002 volt the higher 0 008 volt), 
and whatever le the peculiarities of the cuives they are notwith 
standing tho difference of level parallel for the greater portion of their 
extent The curve due to the available force between one cross 
section and the longitudinal surface repeats all the maxima and 
minima of the curve due to the other cross section at a different 
level, the relations between the msunm and minima being preserved 
unaltered 

Such a condition of affairs is most readily explained by the assump¬ 
tion that tho determination of E M F between a point on the longi 
tudinal surface and the cross section is always the determination of 
the algebraical sum of two opposing forces, one acting radially at the 
point on the longitudinal surface, and one at the cross section acting 
fn the longitudinal axis of the nerve and that the radial force 
veaaas the same at a point of the longitudinal surface, whereas there 
be ami usually is a difference between the two longitudinal forces, 
9** W each cross section 
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6. Selecting one crow section and systematically measuring the 
E.M.F. available between this and points cm the longitudinal surface, 
drawing a complete curve (foico diagram) at regular inteivals of 30' 
between each curve, the levels of the curves fall with diminishing 
rapidity, and a gradual change occurs in the form of each curvo. 

After the nerve has l>ecri removed some hours from the animal, the 
maximum E.M.F., the highest point of the curve, may have sunk to 
one-tenth of its original valuo. If now the nerve is taken and placed 
for a short period (five minutes) m tap water, a maximum E M F. is 
obtained considerably greater than the maximum obtained from any 
point of the same nerve when freshly removed fiom the recently-killed 
animal. If the valuo of the demarcation source is taken os an index 
of the condition of the neive, then a rejuvenation has taken place 
with the unmet sion in tap watei. 

This increased valuo remains for some time, the curve being of not 
much different form, and the rate of fall of level being similat to the 
rate of fall from the original maximum. If the nerve be left in tap 
water for twenty-four hours, a demarcation current, a difference of 
potential between each point on the longitudinal surface and the cross 
section is observed, giving a curve very similar to that obtained after 
the first immersion in tap water twenty-four hours previously. 

If ono waits after the death of an animal until ngm ninths is com¬ 
pletely established, and a nerve be then removed, only a small trace 
of demarcation current is obtainable from it, and the curve of E.M.F. 
due to a cross section is at an extremely low level If now this nerve 
is left for a short period (ftvo minutes) in tap water, a maximum 
E.M.F. is obtainable from it higher than that obtained from the fresh 
nerve of the recently-killed animal, and as high as that obtained after 
the immersion of the fiesh nerve in tap water, and there is no marked 
difference in the form of curve (force diagram). 

If a nerve is removed at once after tho death of an animal, and the 
E.M.F. between a “maximal” point and the cross section is taken 
(1) immediately (2) after a short immersion in 0'S per eent saline, 
then it is seen that the 0'8 per oent. (normal) saline has diminished the 
E.M.F. If the nerve be now immersed in 0*45 per cent, saline the 
original value is returned, and is increased by a further immersion in 
0*3 per cent, 0‘2 per cent., 0*1 per cent, saline solution, each further 
dilution increasing the E.M.F. A return of the nerve through the 
series diminishes in each caw the E.M.F., to be renewed by a sub¬ 
sequent return to the weaker solution. 

Hie maximum effect is obtained by the action of tap water, and a 
very considerable reduction of this maximum is obtained by a sub* 
sequent immersion, in O'1 per cent, saline, to be followed by art tun to 
tike maximum with a return to the tap water. 

Tktrt is no sign of a»y critieal point narkmg On teparaMo* of too pm/Ut 
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phenomena, one a function of the condition of life of the nerve and the other 
a physical phenomenon dominate i ly the salt content of the nerve and capable 
of continuation ling after its death 

* * * * * 

6 If a number of threa Is are twisted together to form a rope and 
the rope laid upon two nrn p >lansablo olcctrodos of the usual type no 
current is found between the electrodes if the thicad rope is previously 
uniformly wetted with a saline solution or with tap water If on 
such an uniformly wetted lope a diop of saline solution of a different 
concentration is pi iced it a point closer to one electrode than another 
a current is found in the cnciut uid t souice of FM1 quite com 
parable in talue to the maximal \alut of the demai cation source of 
a nerve A drop of the samo solution placed upon i coi responding 
point of the rope nearer to the other electro le may reduce bring to 
sero, or reierso this difference of potcntitl 

Tins phenomenon is piesumibly due to tho upsetting of the balance 
between the osmotic processes taking place in the two non polarisable 
and ' similar electrodes 

***** 

7 The close association of the valuo of the demarcation current 
with the salt content of the nerve suggests a similarity between the 
experimental phenomena observed in the thread and in tho nerve, and 
the causation of the demarcation current of nerve as due to a balance 
between two unequal osmotic pi oceases one at the cross section and 
one at the longitudinal surface 

***** 

The expenses of this research have been partially defrayed by a 
grant from the British Association 


Die Demarcation Current of Mammalian Nerve (Preliminary 
Communication) II The Source of the Demarcation Cur¬ 
rent considered as a Concentration Cell By J 8 Mac¬ 
donald BA LR.CPE University College Liverpool, 
Besearoh Scholar of the British Medical Association Com¬ 
municated by Professor Shsrbinuton, F Rb Received 
September 25,1900 

The changes produced by the action of tap water upon the nerve 
have, m the interval, been more olosely studied Excluding alterations 
<4 AM F t they are aa foQoyrs - 
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r(a) weight. 

An increase of < 

] (<•) ngidity. 

V.(d) elasticity. 

A diminution of / (“) compr^sibility. 

I (o) conductivity. 

Thus a piece of sciatic nerve (cat) examined before and after an 
mersion of 20 minutes in tap water:— 


Weight in grammes. 

Length in centimetres . 
Resistance in ohms . 


0-237 


14,200 


After. 

0-317 

6-4 

18,400 


The general condition is known, and has been previously described 
as “water rigor”; a similar change produced by the action of water 
upon musclo has been found (see Fletcher*) to be unattended by the 
chemical changes accompanying other forms of rigor. 

With the exception of the change in conductivity, all the changes 
are rapidly developed, reaching their maxima within an hour after 
immersion in water; they may remain for days in an approximately 
maximal condition, but are at any time abolished by a short immersion 
in 0-9 per cont “saline.” The change in conductivity is a much more 
gradual one, as is well shown by the details of an experiment. In 
the following experiment the appearances of rigor were fully de¬ 
veloped within the first hour, the available E.A1.F. had also risen to ita 
maximum (0-027 volt as contrasted with tho initial value 0-018 volt), 
whereas the nervo still retained 70 per cent, of its original con¬ 
ductivity. 

Expeiiment.—Sciatic Nerve of Dog. 

Length of pieoo used, 5 cm. 

The initial resistance having been measured, the nerve was placed in 
tap water (1 litre) from which it was removed every twenty-five 
minutes for re-examination. 


' Journal of PhyaWofy,’ rob W, i, ti, 85. 
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In termi of the 


Nerve at first .... 

In ohm*. 

. 15,900 

ongtnsl at unity. 
100 

J hour . 

1 .. 

. 20,400 

1-28 

.. 23,100 

1-45 

n. 

.. 28,800 

1-81 


.. 39,800 

2 50 

*]„ . 

;i „ . 

. 51,100 

3-21 

.. 54,900 

3-45 

.‘U „ 

. 61,000 

3 84 

4 „ . 

.. 88,700 

5 58 

* * 

* 

* 

24 hours. 

.. 307,500 

19-34 


The condition of rigor is most completely produced by the action 
of water, but in all the characteristics observed differs only in degree 
from similar conditions produced by diluto saline solutions, e.y., ,0‘6 
gramme per cent. NaCl solution. 

In the latter wo get the same increased rigidity, weight, length, &o., 
as also the diminution of conductivity; all of these, however, are found 
to a smaller measure, and are much less persistent. 

Although not provided with the evidence of direct analysis, it seems 
vory reasonable to assume that both tho extreme and the lesser varia¬ 
tions, as judged by tho character of the changes observed, are to be 
explained by tho occurrence of “ osmoBis " and “ diffusion”; and that 
in the extreme case, the nerve continues to acquire water until a very 
considerable internal pressure is produced, thoreby causing tho extreme 
changes of form and elasticity, w horcas the conductivity is gradually 
diminished through an increasing loss of electrolytes by processes of 
diffusion. 

It is worthy of note that tho appearance is quite different in cha¬ 
racter and degree from the slight rigidity change which ordinarily, in 
nerves, follows tho death of an animal, and that it can be produced by 
a short immersion in tap water in a nerve removed from tho body of a 
"several days dead” dog, or in a nerve which has lain for days in 
saline solutions, and therefore is in no way dependent upon the living 
state of any of the structures of the nerve. Finally, as a minor proof 
that it is not produoed by the precipitation of globulins in the nerve, it 
is completely and at once abolished by immersion in a saturated solu¬ 
tion of magnesium sulphate. 

* * t « t * 

The graduated character of the changes produced and their parallel- 
fsat with the graduated concentration of the solutions has been care- 
filly followed out; for the sake of brevity, however, data are given 
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here only from the three experiments which seem to determine the 
strength of the isotomc solution os showing a minor degree, an absence, 
and a reversal of the condition. 


Espeument A.—Srwttc Note of Cut. 

The nerve was examined (A) at once, and 1, 2, 3, Ac, after succes¬ 
sive immersions of ten minutes’ duration in a 0 6 gramme per cent. 
NaCl solution 










A. 

(1) 

(8) 

(8) 

(4) 

(6) 

Ohms . .I 

10,200 

22,600 

21,200 

20,000 

20,600 

2 ">,700 

Volt. .. 

0-018 

0 023 

0-020 

0-016 

0 118 

0 011 

Gramme. .. 1 

0 207 

0-213 

0-221 

0-227 

0 233 

0 286 

Centimetre. 

I 

4 0 

5 1 

5 1 

6 1 

5 1 

6 1 


An error is evidently introduced into the measui ement of resistance, 
if we wish to consider the resistance of a cylinder of the neive of con¬ 
stant length and cross section, by the increase in volume attending 
the increase of weight. 

Failing an actual determination of the area of the cross section, or 
one of the volume from which it might be directly obtained by 

dividing by the length, the value of the weight found in grammes has 

been treated as volume in cubic centimetres, and used in this way. 
The error introduced by a neglect of tho specific gravity is not, in the 
case considered, appreciable. 

The “ specific resistances ” for unit length and cross section found in 
this way from the figures given are— 

A. (1.) (») (8) (4) (5) 

105 | 184 | 180 | 188 | 184 | 188 ohms 


Experiment B.—Semite Nerve of Cat. 

The experiment was in every way similar to the last, with the single 
exception that the solution used was an NaCl solution of 0*75 gramme 
per cent 


Ohm. .. .. 

Volts....1. 

Gramms.^.. 

A. 

(1) 

(8.) 

(8) 

(4) 

(*) 

20,700 
0 018 
0-210 

4 6 

80S 

20,600 
0-018 
0-218 | 
4-7 

208 

80,200 

0-018 

0-2*2 | 

4-7 

>08 

10,4 0 
0 017 
0-228 

4 7 
200 

18,900 

0-015 

0'229 

*•7 

190 

19,200 

0-014 

0-210 

47 

19* 
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Experiment C— Sciatic Nerve of Cat 


Similar experiment Solution used 0 9 gramme per cent NaCl 



r* 

0) 

V) 

(») 

<*> 

(o) 

Ohm* 

! 20 800 

1" 700 

IP 700 

16 900 

17100 

in o 

Volt* 

1 o on 

o on 

0 (11 

0 009 

. 0 00 • 

0 001 

Gramme* 

0 28b 

0 2-17 

0 2 7 

0 262 

0 260 

0 200 

Centimetre* 


6 

6 

B 

6 

B . 

Specific i * stance* 

101 

1 184 1 

171 | 

177 

1 177 

167 


Taking the three experiments uid examining the variations in the 
specific resistance in each case it is noticeably least affected in the 
0 76 per cent solution which theref ire from this point of view moat 
nearly approaches the isotonic solution 

Reducing tho data from the three experiments to an assumed 
average value of 200 ohms for the natal resistance we have 



at, taking averages from the five determinations made after immersion 
in the solution, 



The alteration in weight in the three experiments is apparently 
anomalous, aa there is an increase in each case, and lodged from this 
criterion alone, none of the solutions are isotonic Considerable oare 
tree taken to dry off the superficial moisture, and at far as possible 
Af precautions were the tame m each case There u a diflferenoe in 
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the character of the increase which is confirmed by the results of other 
experiments, the increase in the hypotonic solution is progressive, in the 
other two there is an increase to, and a maintenance of, a steady 
maximal weight. It seems evident that m all three cases there is an 
imbibition of saline solution at first, apart from any question of the 
transference of water through a membrane. 

The appearances of rigidity wore noticeable in the norve immersed 
in the 0 - 6 per cent, solution, though the only index of their occurrence 
found in the figures given is provided by the mtieasc m length. The 
occurrence of the appearances is, however, unmistakable in an actual 
experiment, the difference between a nerve whit h has been immersed 
in 0‘9 per cent, and one which has been in 0 6 per cent, is quite a 
marked one. 

* * * * * 

Maikedly graduated os are the changes of weight, length, resis¬ 
tance, and rigidity following the immersion of nerves in solutions 
of graduated concentration, tho changes in the £.M.F. available 
between cross-section and longitudinal surface ate no Icbs so. In so far 
is this true that it is possible, knowing tho initial value of the E.M.F., 
to predict the value which will lie found after immersion of the nerve 
for a given time in a solution of known concentration at a constant 
tempo ratine. 

The accompanying data arc taken from tho recoida of 8 entirely 
separate experiments. In each, a sciatic norve (cat), removed 
immediately after tho death of the animal, was cut to a definite 
length of 5 cm., and placed for 26 minutos in 600 c.c. of an NaCl 
solution, at a tomperature of 17° C. 

The E.M.F. found after immorsion is given expressed in torms of 
the initial K.M.F. used as unity, is called tho E.M.F. “ recovered,” 
and as will lie seen is sometimes greater than tho initial value. 

dotation used. Tr iportion of E.U F. recovered. 


(1) Tap water . 

... . 1-5 

(2) 0'6 gramme NaCl por cent. 

... 1-059 

(3) 0-76 .. 

... 0-921 

(4) 0-9 „ . 

. 0-786 

(5) 1*8 grammes „ „ 

.. 0-388 

(6) 3-0 „ 

... 0-237 

(7) 6-0 . 

.... 0-107 

(«) 9-0 „ „ „ ... 

. 0-062 


If in each case the value of the concentration of the NaOl solution 
is multiplied b\ the E.M.F. recovered (expressed in terms of the 
initial E.M.F.), iw get a value which is almost constant far the whole 
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(2) 0 6 x 1 059 - 0 6354 

(3) 0 75x0921 - 069075') 

(4) 0 9 x 0 786 - 0 7074 1 

0) 18 xO 388 - 0 6984 f 

(fc) 10 x0’37 - 0 7110 J 

(7) 6 0 xO 107 0 6420 

(8) 9 0 x 0 062 0 5580 

Winch relationship emit interpreted to mean that foi i consider 
able range of concentrat ns the f Ml lecovcrod \ inos almost 
exactly mveisely as the concentration and outsilo tl is rango tho 
deviation from tho law is not great 
The value of the cmstint which is practic illy 0 70 is evidently tho 
concentration of t silne s lution m which the Mil should be 
unaltered by tho mime si m 

The preservation of i c nstint tempo atirc through it tho senes of 
experiments is of impoituice the v tuition with tcmi>or ituro being 
considerable and eon plicate 1 Piti are given fiom v few expen 
ments made to detcimmo the n terost of this point 

Ihe data are as before evch from a separate expo imont upon a 
measured length (5 ems) of the sciatic nervo of a cat tho only 
difference being in fact thit tho temporaturcs of tho solutions were 
vane 1 instead of their concentrations 


Tempo raturo 

Concontrsf on 

EMF two ored it 
tern i of tho original 

of solution 

ot tot t on 


9 C 

75 per cent NsCl 

101 

17 

0 92 

28 


0 62 

38 


0 62 

* 

* 

* 

9 C 

3 0 per cent NaCl 

0 °5 

17 

0 24 

27 


011 

34 


004 

2 


015 


It may seem an obvious and foregone conclusion that the isotonic 
solution in which the nerve may lie with the minimal disturbance 
due to the transference of water and salts should closely ocnnoide 
with the solution in which the EMF is retained constant, and 
also with the probable isotonicity of the solution which m the bring 
body bathed the outer surface of the nerve 
It may indeed be maintained that from the point of view of the 
established hypothesis the local short circuiting of the demarcation 
rtXEroe would be affected by solutions varying in concentration from 
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the “normal saline” in jnst such a way as to cause exactly the 
variations described in the apparent value of the E.M.F., and that 
the variations would be connected by the simple law found 

If so, an examination of the alterations taking place in the Bame 
“ normal solution ” when its temperature is varied presents an 
anomaly for explanation The golution maintained at anything 
approaching the temperature of the body, in which the E.M.F. 
would remain constant, is not 0'70 per cent., but 0-45 per cent. 
NaCl solution. 

A more striking anomaly still is obtained when an appeal is made 
to solutions of electrolytes other than Nut’I; an extreme instance is 
given by the consideration of solutions of NaOH. 

The following data ore taken from four separate experiments in 
which 15 cm. pieces of sciatic nerves (cat), removed immediately after 
death, were placed in each case in 500 c.c of an NaOII solution at 
a temperature of 17“ C., und left in it for 25 minutes. 

Solution. KM.F “ recovered." 


(1) 0-025 gramme per cent. NaOH. 

1-620 

(2) 0-050 

0-922 

(3) 0-050 

0-800 

(4) 0-100. 

0-422 


Proceeding as before, and multiplying the concentration by the 
E.M.F., we have 

(1) 0-025 x 1-620 - 0-0105 

(2) 0 050 x 0-922 » 0 0461 

(3) 0-050 x 0-800 = 0-0400 

(4) 0100 x 0’422 - 0 0422. 

The concentration law is the same as for NaCl, but the “ constant ’ 
solution is 0-04 instead of 0‘7. Dividing these figures by the mole¬ 
cular weights of NaOH and NaCl respectively, the proportion existing 
between them is 1 to 12; and this, oven allowing for the greater con¬ 
ductivity of NaOH solutions, is evidently a relation of a more complex 
kind than that found when passing from one concentration to another 
of a solution of the same electrolyte. 

***** 

In certain types of experiments, such as those in which the effect Of 
tap water was studied (vide supra) upon the nerves of animals in a state 
of rigor mortis, the capacity of the established hypothesis to explain the 
facts is strained to an absurd degree. The following are brief descrip¬ 
tions of typical experiments oonoeming which the same st ate me nt may 
safely be made:— 



The Demarcation Current of Mammalian Nerve 321 


I Experiment Scsaiv Nerve of Cat 

Piece 5 cm long Difference of potential taken between the cross 

section and a point 1 cm distant 

At once 

Volt 

0 015 

Aftei 25 in 9 per cent N i( 1 solution at 17 C 

0 001 

Another 25 

0 001 

Another 25 

0 001 

Another 10 

0 001 

After 15 in tap watci at 17 C 

0011 

After another SO in tap water at 17 C 

0 022 


One hour and 40 minutes m the very al normal salme solutic u of 
9 per cont NaGl and a subsequent 45 minutes in the very abnormal 
saline solution of tap water and yet tho vigour of the changes is 
unimpaired—thej are displayed to the same thnormal degree by the 
effects of tap water upon the local circuit and flu amtiastui dates >f 
activity and hyjeriHvnty are shown n exactly the saru situations 

II Experiments upon Degenerated Nerve 
In those experiments the preliminary operations foi section of tho 
nerves were performed by Professor Sherrington FRS Ihey are 
described in tho briefest possible manner but as the nerves were made 
the subject of systematic and detailed study tho full description is 
withheld as m case of the other experiments for an opportunity for 
more detailed publication 

Experiment a Vagus of Dog 

Preliminary Opeialum —1 cm of nerve excised at upper limit and 
1 cm of nerve excised at the lower limit of the nerve in the neck 


Examination nine days afterwards 


Degenerated Nerve 
BMP - 0 000 volt 
Several crose-eections were tried 
After an immersion of 25 m tap 
waters— 

EMF - 0017 volt 


Intact vagus of other udo 
EMI - 0006 volt 

After an immersion of 25 in tap 
water— 

FMF ■ 0016 volt 
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Experiment /8. Sciatic Nerve of Dog . 
Preliminary Operation .—1 cm. of nerve excised. 

Examination twelve days afterwards. 


Degenerated Sciatic. 
E.M.F. - 0-003 vqlt 
After immersion in tap water. 
E.M.F. - 0-025 volt. 


Intact Sciatic. 

E.M.F. - 0-017 volt. 
After immersion in tap water. 
E.M.F. - 0 026 volt. 


It seems highly probahlo to the author, biased by the simplicity of 
the “ concentration law,” that the extreme caso studied, namely, the 
nerve after immersion m tap water, is but an extreme variation of a 
pre-existing condition—in fact, that the internal structures of the 
nerve form what is to all intents and purposes a stronger aqueous solu¬ 
tion of electrolytes than is found in its superficial parts, just Buch an 
arrangement of solutions as the character of the resistance and internal 
polarisation of nerves has always made probablo. 

If this is true, all the arguments which can be adduced to explain 
the E.M.F. obtained from the extreme case can be transferred, when 
modified, to the normal condition. 

In this extreme case there is no need to invoke a difference in the 
distribution of tho dissociation phenomena of life to explain the exist¬ 
ence of a source of E.M.F. Tho source is granted as soon as it is 
determined that solutions of different concentration, such as are 
present, are asymmetrically placed in the otherwise symmetrical 
arrangement of solutions connecting tho metallic electrodes.* Failing 
an absolute knowledge of this asymmetry, there are many reasons 
which make it highly probable; the anatomical conditions are 
obviously asymmetrical. 

The mathematical considerations determining the value of such a 
source have been so perfectly elaborated, and consequently simplified, 
that the data collected from the examination of a supposed instance, even 
of a complicated case, can bo afforded a criticism of great exactness. 

With a view to such criticism the research is being continued, and 
for the present the conditions of a possible reversal are sought. 

Throughout the conduct of this research I have been most liberally 
assisted with information and advice by Professor C. S. Sherrington, 
F.R.S., and Professor Oliver Lodge, F.R.S., for which I take this 
opportunity for expressing my gratitude. I have also to thank Mr. B. 
Davies, Mr. A. Hay, and Mr. W. H. Derriman for their frequently 
sought opinions, and Mr. W. O. Lloyd for practical assistance in some 
of the experiments. 


• Concentration oslli of Ksmit, 1 Eleotroehsmistry,’ Le Bknc, 
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“ The Demarcation Current of Mammalian Nerve (Preliminary 
Communication) III The Demarcation Source and the 
Concentration Law’ ’ By J S Macdonald BA LRCPE, 
University College Liverpool Research Scholar of the British 
Medical Association Communicated by Professor Shebrinc 
ton FRS Received October 18 1900 

Since writing the previous statement the ch uiges of PI M F occurring 
during the early part of tho time spent in s time solutions have been 
studied more m detail, the nerves being removed every five minutes for 
examination 

As a result of information so acquired the following statement can 
be definitely made Solutions of NaOH, HCI NaCI, KC1 mainly 
affect tho demonstrable value of the denial cation source according to 
their concentration, and differ intrinsically from one another in their 
effects upon this source only in minor characteristics 
Each of these electrolytes produces an effect which is beat regarded 
as a variation of tho effect of water and varus with tho concentration 
according to a simple law Tho concentration in each rase determines 
whethor the initial value of tho demonstrable EMI shall be increased, 
maintained, or diminished 

A study of the comparative effects of various concentrations of the 
same electrolyte is of particular interest when the nerve is only 
immersed for a short penod (five minutes) presumably because within 
this penod processes of diffusion mtoifere leut with the concentration 
of electrolytes in the internal parts of the nerve 

The concentration law found to unite tho oftects of solutions of 
NaCI, KC1,HCI is comparatively simple, the cue of solutions of NaOH 
being apparently more complex 
If “E” represents the initial value of the P ME, 

“E*” the value after an immorsion of 5 duration in a solution of 
concentration “ n,” 

“ft” the concentration in gramme molecules per litre, 
then in the special case of solutions of KC1 

E» - Elogi approximate!} 

Thus, taking the data from four experiments performed upon 5 cm 
pieces of sciatic nerves (cat), determining the available E M F between 
cross section and longitudinal surface («) immediately upon removal 
from the recently killed animal, and ( b) after an immersion of 6 in a 
•ohudoii of KC1 at 17* 0 — 
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Experiments with Solutions of KC1 
Concentration 

/--*-i EUF recovered, 

Gremlin * Gramme mol< in termi of the 

per cent por litre initial value E 

746 1 ExOlO = E log 1 2 

3 72 $ E x 0 34 - E log 2 2 

1 86 i E x 0 60 - E log 4 

093 i Ex0 90 as Elog 8 

The law connecting the effects of solutions of NaCl is not viry 
ihfferent, as is shown by examination of the results of the following 
experiments mado before the relation was disco voted The results aio 
in this case none the less remarkable in so far as the concentrations of 
the solutions used bear no simple proportion to the normal solution of 
1 gramme molecule por ktro (6 86 per cent) 

Experiments with solutions of N iCl 
Concentration 

t --*-j E M E ret ivered 

Gramma* Qrsmmt mol* in tern ■ nt L 

per oent per litre the initial value 


(1) 

0 46 

l 

13 

Exll5 

E log 14 1 

(2) 

06 

1 

9~7 

E x 0 92 

- Elog 8 3 

(3) 

09 

1 

65 

Ex 077 

- E log 5 9 

(*> 

30 

1 9 

E x 0 34 

- Elog 2 2 

l») 

60 

1 

0 97 

E x 013 

= Elog 1 3 


Presuming temporal lly the law connecting these results to be 
“ E* a. E log i,” then the concentration multiplied by the number of 
which the logarithm is the proportion between the final and initial value 
of the E M F, should equal unity 

Thufl (1) 1x141 = 109 

(2) ^x 83 = 086 

( 3 ) g-gX 59 = 090 

(4) j*gx 22 « 118 


1 3 - 1 34 
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It u obvious that the law as stated approximately represents the 
truth in the case of NaCl and KG1 solutions In bow far the approxi 
mation is different m the two cases must be left to the consideration of 
further and more exact experiments 

That a similar law is true for solutions of HG1 is shown by the fol 
lowing experiments Iho stock liboratoiy solution of 0 4 por cent 
HC1 was dilute 1 twice \.e to obtain tho required variations of con 
contration 

I xpcnmcnts with solutions of HC1 

Coi p rail n 

, -* - N B M F re cm or 1 

Clramn es Gramm 1 ol in ternu of K 

1 rc it i er 1 trp tho initial val u 

(1) 02 1 ExO 11 - riog 2 0 

(2) 01 gig I x060 - Hog 4 

(3) 00250 u J a F x 1 21 - Llog 16 2 

(4) 00125 2g J 4 F x 153 Jlog339 

In this case presuming the statement of the hw to be 
I , * l log L 

then 

in Case (1) l = J x 2 0 011 

( 2 ) l- 3 J 3 * 40 on 

( 3 ) 1 - *103 - 011 

<«> * 339 0,1 

The law in this case is E» «* E log ® ^ 1 

It is obvious that in tho three cases considered the concentration law 
is amply expressed as 

E-tGElog*. 
where hi and h* are constants 

The interest attached to this mode of expressing the law is seen, 
upon reference to the theory of concentration cells, to be considerable, 
and the occurrence of the law cannot be otherwise regarded than as a 

2 B 3 
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Proceeding*. 

valuable confirmation of the reality of the assumption made as to the 
nature of the demarcation source of the nervo. 

Taking the simplest expression for the value of tho E.M.F. of such a 
cell, in which there are two solutions of different concentrations N and 
n of the same electrolyte at the same temperature, 

E - K log ^. 

If in such a cell tho solution of concentration “ N ” is retained con¬ 
stant, v horeas the solution of concentration “ n ” is given different 
valuos, «i, n- 2 , n s .. .. &c., 

md 

If N is constant, and also if N/n the original relation of the two 
solutions is ticated as a constant, we have 

E n , = E.fci.logJj, 

and this is the relation found existing between tho value of the demar¬ 
cation source of the nerve boforo (E) and after (E„,) the immersion of 
tho nerve in a solution of concentration »j. 


Novender 16 , 1900 . 

The LORD LISTER, F.R.C.S., D.C.L., President, in tho Chair. 

The Right Hon. Sir Ford North, Professor J. Bretland Farmer, 
Dr. Patrick Manaon, and Professor James Walker were admitted into 
the Society. 

A List of the Presents received was laid on the table, and thanks 
ordered for them. 

In pursuance of the Statutes, notice of the ensuing Anniversary 
Meeting was givon from the Chair. 

Professor J. D. Everett, Dr. J. H. Gladstone, and Dr. R, H. Scott 
were by ballot elected Auditors of tho Treasurer’s aooounts on the part 
of the Society. 

The following Papers received during the Recess, and published or 
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in course of publication, in accordance with the Standing Orders of 

Council, were read in title:— 

“ South African Horse-sicknosa: its Pathology and Methods of Protec¬ 
tive Inoculation.” By Alexander Edinoton, M.B, C.M., 
F.RS.E., Director of the Colonial Bacteriological Institute, Cape 
Colony. Communicated by Sir David Gill, F R.S. 

“Note on the Occurrence of a Seed-like Fructification in certain 
Palaeozoic Lycopods.” By D. II. Soorr, M.A., Ph.D., F.RS., 
Honorary Keeper of the Jodrell Laboratory, ltoyal Gardens, Kew. 

“The Demaication Current of Mammalian Norvo. (Preliminary 
Communication.) Parts I—III.” By J. S. Macdonald, B.A., 
L.RC.P.E. Communicated by Professor SliKRKlNOTON, F RS. 

The following Papers were read:— 

L “Argon and its Companions.” By Professor W. Rah&ay, F.RS., 
and Dr. M. W. Travers. 

II. “ Data for the Problem of Evolution in Man. VI.—A Fiist Study 
of the Correlation of the Human Skull." By Dr. Alice Lee 
and Professor K. Pearson, F.RS. 

HI. “ Mathematical Contributions to the Theory of Evolution. IX.— 
On the Principle of Homotyposis and its Relation to Heredity, 
to the Variability of the Individual, and to that of the Race. 
Part I.—Homotyposis in the Vegetable Kingdom.” By Pro¬ 
fessor K. Pearson, F.RS. 

IV. “ A Chemical Study of the Phosphoric Acid and Potash Contents 
of the Wheat Soils of Broadbalk Field, Rothamsted ." By 
Dr. Bernard Dyer. Communicated by Sir J. H. Gilbert, 
F.RS. 


“Argon and its Companions.” By William Ramsay, F.RS., 
and Mobbis W. Travises, D.Sc. Received November 13,— 
Read November 15,1900. 

(Abstract.) 

The discovery of krypton and neon was announced to the Royal 
Society in the early summer of 1898; and subsequently atmospheric 
air was found to contain a heavier gas to which the name of xenon was 
agptied. Mr. Baly, in tha autumn of the same year, called attention to 
tbs presence of helium lines in the spectrum of neon, an observation 
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which confirms that made by Professor Kayser, of Bonn, and by Dr. 
Friodliinder, of Berlin. 

At tho same time we imagined that we had obtained a gas with a 
spectrum differing from that of argon and yet of approximately the 
same density; to this gas we gave tho name metargon. It has now 
been found that the presenco of the so-called metargon is to be 
acoounted for by the fact that in removing oxygen from the mixture 
of these gases, which was thon m our hands, phosphorus containing 
carbon was employed, this mixture when burned in oxygen yields a 
spectrum to some extent identical with that furnished by carbon 
monoxido, but differing from it in as much as linos of cyanogen are 
also prosont. Wo have no doubt thut tho so-called metargon, tho 
spectrum of which is visiblo only at high pressure, and only when 
impure phosphorus has been employed to remove oxygen, must be 
attributed to some carbon compound. In spite of numerous experi¬ 
ments we have not yet succcodod in producing any gas in quantity 
whioh yields this composite spectrum. It is only to be obtained by a 
mixture of carbon monoxide with cyanogen. 

To obtain the heavier gases krypton and xenon, a large amount of 
air was allowed to evaporate quietly ; tho residue was freed from 
oxygen and nitrogen, and then consisted of a mixture of krypton, 
xenon, and argon, the last forming by far the largest portion of the 
gas; this mixture was liquefied by causing it to flow into a bulb 
immersed in liquid air, and tho bulk of the argon was removed as 
soon as the temperature rose, the krypton and the xenon being left 
behind. By many repetitions of this process we wero finally successful 
in separating those three gases from each other. While krypton has 
a considerable vapour-pressure at the temperature of boiling air, the 
vapour-pressure of xenon is hardly appreciable, and this afforded a 
means of finally separating these two gases from one another; in the 
complete paper tho operations necessary to separate them are fully 
described. 

For neon the process of preparation was different. The air liquefier 
furnished a supply of liquid air; the gas escaping from the liquefier 
oonsisted largely of nitrogen; this mixture was liquefied in a bulb 
immersed in the liquid air which the machine was making. When the 
bulb had been filled with liquid nitrogen a current of air was blown 
through the liquid until some of the gas had evaporated. That gas 
was collected separately, and deprived of oxygen by passage over red- 
hot copper; it contained the main portion of the neon and the helium 
present in the air. The remainder of the nitrogen was added to the 
liquid air used for cooling the bulb in which the nitrogen was con¬ 
densed. Having obtained a considerable quantity of this light nitrogen 
it Was purified from that gas in the usual manner, and the argon 
containing helium and neon was liquefied. By fractional distillation 
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it was possible to remove the greater portion of tho helium and neon 
from this mixture of gasos, leaving the argon behind. Many attempts 
were made to separate the holiiun from the noon. Among these was 
fractional solution in oxygen, followed by a systematic diffusion of the 
two gases; but it was not found possible to raise the density of the 
neon beyond the number 9 16, and its spectrum still showed helium 
lines. It was not until liquid hydrogen made by an apparatus designed 
and built by one* of us (M. W T) hail lieen produred in quantity, that 
the separation was offectcd , tho neon was liquefied or perhaps solidified 
at the tempoiuturu of lKuling hydrogen, while the helium iemained 
gaseous. A fow fractionations serve to produce pure neon; we 
did not attempt to soparato tho helium in a pure state from this 
mixtuie. 

That these are all monatomic gases was proved by determination of 
the ratio of their specific heats by Kimdt’s method; the physical pro¬ 
perties which we have determined are the refractivities, tho densities, 
the compressibilities at two temperatures, and of argon, krypton and 
xenon the vapom-pressures and the volumes of the liquids at their 
boiling points. 

The results are as follows :— 



Holium. 

Noon 

Argon 

Krypton 

Xenon. 

Befrmctiritifu (Air — 1) .. 

0-1288 

o ms 

0-908 

1*449 

2-864 

Densities of gases (0 *- 10) 
Boiling-points at 701 mm 

1 98 

997 

19 90 

40*88 

04 

P 

P 

80*9° 

abs 

121 -88° 

103 "9^ 

abs. 

Critical temperatures. 

P 

below 68 a 
abc. 

165-8° 

abs. 

210 *5° 

abs. 

287*7* 

abs. 

Critical pressures ........ 

P 

P 

40 2 
metre* 

41-24 

metre* 

48*6 

Vapour-pressure ratio .... 

P 

P 

0 08'rf) 

0 0407 

0-0076 

Weight of 1 c c. of liquid.. 

r 

P 

1 212 
gramme* 

2 166 
gramme* 

8-62 

grammes 

Molecular volumes.. 

p 

? 

82*92 

87 84 

i 

80*40 


The compressibilities of these gases also show interesting features. 
They were measured at two temperatures —11*2’ and 237*3’; the value 
of P.V. for an ideal and perfect gas at 11*2’ is 17,710 metre-cubic- 
centimetres, and at 237*3“ to 31,800. This is, of course, on the 
assumption that the product remains constant whatever be the varia¬ 
tion in pressure. Now with hydrogen at 11-2* C. the product increases 
with the rise of pressure; with nitrogen, according to Amagat, it first 
decreases slightly and then increases slightly. With helium the in¬ 
crease Is more rapid than with hydrogen; with argon there is first a 
considerable decrease followed at very high pressures by a gentle 
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increase, although the product does not reach the theoretical r&lue 
at 100 atmospheres pressure ; with krypton the change with rise of 
pressure is a still more marked decrease, and with xenon the decrease 
is very sudden. At the higher temperature the results are more 
difficult to interpret; while nitrogen maintains its nearly constant 
value for P.V., helium decreases rapidly, then increases, and the same 
peculiarity is to be remarked w ith the other gases, although they do 
not give the product of P.V. coinciding with that calculable by 
assuming that the increase of P.V. is proportional to the rise of 
absolute temperature. 

These last experiments must bo taken as morely preliminary; but 
they show that further research in this direction would be productive 
of interesting results. 

The spectra of these gases have been accurately measured by Mr. 
E. C. C. Baly, with a Rowland’s grating; the results of his measure¬ 
ments will shortly be published. It may be remarked, however, that 
the colour of a neon-tube is extremely brilliant and of an orange-pink 
hue; it resembles nothing so much as a flame; and it is characterised 
by a multitude of intense orange and yellow lines; that of krypton is 
pile violet, and that of xenon is sky-blue. The paper contains plates 
showing the most brilliant lines of the vigiblo spectrum. 

That the gases form a scries in the periodic table, between that of 
fluorine and thut of sodium is proved by three lines of argument:— 

(1) The ratio between their specific heats at constant pressure and 

constant volume is P66. 

(2) If the densities be regarded as identical with tho atomic weights, 

as in the case with diatomic gases such as hydrogen, oxygen, 
and nitrogen, there is no place for these elements in the periodio 
table. The group of elements which includes them is:— 


Hydrogen. 

1 

Helium. 

4 

Lithium. 

7 

Beryllium. 

9 

Fluorine. 

18 

Neon. 

20 

Sodium. 

23 

Megneelum. 

24 

Chlorine. 

36-6 

Argon. 

40 

Potted am. 
39 

Csldum. 

40 

Bromine. 

80 

Xrypton. 

82 

Babidium. 

85 

Strontium. 

87 

Iodine. 

127 

Xenon. 

128 

Cwrium. 

133 

Bsrium. 

137 


(For arguments in favour of placing hydrogen at the head of the 
fluorine group of elements, see Orme Masson, ' Cham. News,* voL 73, 
1896, p. 283.) 
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(3) These dementi exhibit gradations in properties such as re¬ 
fractive index, atomio volume, melting-point, and boiling- 
point, whioh find a fitting place on diagrams showing such 
periodic relations. Some of these diagrams are reproduced in 
the original paper. Thus tho refi active equivalents are found 
at the lower apices of the descending curves, tho atoraie 
volumes, on the ascending branches, m appropriate positions; 
and the melting- and boiling-points, like the 1 oft activities, 
occupy positions at the lower apices. 

Although, however, such regularity is to be noticod, similar to that 
which is found with other oloments, we had entertained hopes that tho 
simple nature of the molecules of tho inactive gases might have thrown 
light on tho puzzling incongriuties of the periodic tablo. That hope 
has been disappointed Wo have not been ablo to pi edict accurately 
any one of tho properties of ono of those gases from a knowledge of 
those of the others, an approximate guess is all that can be made. 
The conundrum of tho penodic table has yet to be solved. 


‘Data for the Problem of Evolution in Man VT—A First 
Study of the Correlation of the Human Skull ” By Alice 
Lee, D.Sc , with some assistance from Karl Pearson, F.R.S., 
Univereity College, London. Received July 13,—Read 
November 15, 1900 

(Abstract.) 

The substance of this paper was a thesis for the London D.Sc. 
degree; it was shown to Professor Pearson, at whose suggestion con¬ 
siderable modifications wore made, and a revision undertaken with a 
view to publication. 

In order to deal exactly with the problem of evolution in man it is 
necessary to obtain in the first place a quantitative appreciation of the 
sue, variation, and correlation of the chief characters in man for a 
number of local races. Several studies of this kind have been already 
undertaken at University College. These fall into two classes, (i) those 
that deal with a variety of characters in one loeal race, and (ii) those 
which stfody the comparative value of the constants from a variety of 
races. Thus Dr. E. Warren has dealt with the long bones of the Naqsda 
no** Mr. Leslie Bramley-Moore has compared the regression equations 
for the long bones from a considerable number of races in a memoir nob 

• * PML Trass.,’ B, toL 180, p. 1M. 
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yet published. Professor Pearson has dealt with the regression equations 
for stature and long bones as applied to a variety of races ;* Miss A. 
Whiteloy has studied the correlation of certain joints of the hand,t and 
is investigating the correlation of the bones of the hand in a second 
local race; Miss C. D. Fawcett has made a long soriee of measurements 
on the Naqada skulls, and correlated their chief characters; the present 
memoir, on the other hand, deals with only a few characters in the 
skull, comparing, however, the results obtained from a variety of local 
races. 

It is thus relatod to Miss Fawcett’s work much os Mr. Bramley- 
Moore’s to Dr. Warren’s, i.«., it endeavours, by selecting a few characters 
and testing them, to ascertain how far results obtained for one local 
race are valid for a second. In Professor Pearson’s memoir on the 
reconstruction of the stature of prehistoric races, results obtained from 
one local race were then extended to a groat vanoty of other races. 
The degree of accuracy in this procedure can only bo fully ascertained 
when the data now being collected in both English and German ana¬ 
tomical institutes are available for calculation. 

The skull, however, differs very widely from the stature and long 
bones; for, whilo those have a very high degree of correlation in all 
local races, the chief characters of the skull are very loosely correlated, 
and such correlation as they possess varies in a remarkable manner 
with sex and race. This was first indicated by Professor Pearson ;J 
it has been amply illustrated in the measurements of Miss Fawcett, 
and is confirmed in a recently published memoir by Dr. Fran* Boas. 
It may he said that this want of correlation in the parts of the skull is 
the origin of its great importance for the anthropologist; it is the 
source'of its personal and racial individuality. But this anthropological 
advantage is, from the standpoint of organic evolution, a great dis¬ 
advantage. Cuvier introduced the conception of correlation with the 
idea of reconstructing from a single bone the whole skeleton and even 
the outward form of an extinct animal, but the great want of correlation 
between the parts of the skull, and between the skull and other parts 
of the human skeleton, renders quantitative reconstruction—and this it 
the really scientific reconstruction—of one character of the skull from 
a second, or of the skull and parts of the skeleton from each other ex¬ 
tremely difficult, if not impossible, for all but a very few characters. 

Among these characters* one of the most feasible to deal with, and 
one of the most useful, is the capacity of the skull. This is correlated 
to a fairly high degree (although to nothing like the same extent as the 
long bones among themselves) with the maximum length and breadth, 
with the total and auricular heights, and with the horisontal and 
V* * Phil. Tmna,’ L, toL 1M, p. 169. 
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vertical circumferences of tho skull. The present memoir deals in tbo 
main with the problem of the reconstruction of the capacity from these 
characters. 

Throe fundamental problems arise in the thoory of reconstruction, 
»>., the determination of tho probable value of an unknown character 
from a known and measurable oue, ot from sovotal such. Namely:— 

I. The reconstruction of the individual from data for his own 

race. 

II. Tho reconstruction of the average value of ,'a character in one 

local race from data determined for a second local race. 

III. The dotoinunation of the prohablo value in an individual of 
characters not measurable dunng life from characters which 
are measurable. 

These three problems are all dealt with for the special character 
capacity of tho skull in the present paper. Their importance may bo 
indicated by the following considerations:— 

(a.) Many, especially of the moio ancient and accordingly more 
interesting skulls, are too fragilo or too fragmentary to allow of their 
capacity being directly determined. 

(6.) The methods for directly determining capacity are still not only 
veiy diverse, hut divergent in result, and from the physical stand¬ 
point crude and inexact. In the concordat of the Goiman craniologists 
—the Frankfurter Verxtandiguny —the point was left for future con¬ 
sideration, and so it has remainod for many years. Tho capacities of 
series of skulls determined during the past forty years in France, 
England, and Germany are, we are convinced, not comparable, at loast 
if the argument from the comparison is to depend on a difference of 
30 to 40 cm. 1 While the same observer using different methods may 
be trained to got results within 4 to 6 cm.* for the same skull, 
different observers, equally careful, using the same method, will easily 
get results for the same series diverging by 20 to 30 and even more 
cubic centimetres. Shortly, the personal equation—involved in the 
packing in the skull and in the measuring vessel—is very large. 

Accordingly a regression equation for the capacity as based on 
external measurements may, if doduced from a sufficiently large range 
of series measured by careful independent observers, give results 
fairly free from the error of personal equation and this sensibly as 
correct as, or more correct than, direct measurement when we require 
the mean capacity of a series. 

(e.) It is impossible to obtain a largo series of skulls belonging to 
known individuals with a classified measure of intellectual ability. 
•Actually we have only a few skulls of men of great intellectual power, 
sometimes preserved because they were large, and to compare with these 
Ike skulls of the unknown and often the ill-nourished, which reach the 
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anatomical institutes.* Accordingly it is an investigation of con¬ 
siderable interest to compare the probable capacity of the skulls of living 
persons with their roughly appreciable intellectual grade. It is only 
by such a compaiison that we can hope to discover whether the size 
and shape of the skull is to any extent correlated with hiain power. 

In the courso of the memoir it is shown that the auricular height 
of the skull is a better measurement for determining skull capacity 
than the total height; that the circumferences of the skull, while 
highly correlated with its capacity, give regression equations which 
vary widely from one to another closely-albod race, that linear 
regression equations involving length, breadth, and auucular height, 
while giving fairly good results for individuals within the local race, 
have very divergent coefficients as we pass from local race to local race; 
that the cephalic index has very littlo correlation with capacity at all 
(as a rule what there is may be summed up in the words : In a brachy- 
cephalic race the rounder the skull the greater the capacity, in a 
dolichocephalic race the narrower the skull the greater the capacity— 
the greater capacity following the emphasis of the racial character ); 
finally, that the correlation of capacity with the triple product of 
length, breadth, and height gives a regression oquation which is fairly 
constant from local race to local race, and is accordingly the best 
available. 

From this and other equations individual and racial reconstructions 
are made, and tho deviations between the actual and predicted capacities 
in randomly chosen series of skulls are tabulated. The moan error 
made in the reconstruction of tho individual capacity by the best 
formulae is 3 to 4 per cent., the maximum error, although of course 
infrequent, may even bo 10 per cent. For the reconstruction of the 
mean capacity of a race, the mean error is about 1*2 per cent, with a 
maximum error of 2'5 per cent If those errors appear large to the 
craniologist, we would remind him that his search for an absolutely 
correct formula giving cranial capacity from external measurements is 
the pursuit of a Will-o’-the-wisp. The theory of probability shows us 
exactly the sort of errors such formula are liable to, and teaches ns 
how to select the best The whole basis of the theory of evolution, the 
variability of one character, even with fixed values for a number at 
others, would be upset if any such absolute formula were forthcoming. 
What we have to do is to select a few organs as highly correlated as 
possible, but, having done this, it has been shown elsewhere that w» 
shall not sensibly decrease the error of our prediction by increasing the 
number of pigans upon which the estimate is based, t Accordingly we 
do not belieVe that sensibly better reconstruction formal® than those 

• This ■rgniyent epplies tbo, In •rtn an tatensided degree, to the detemlaattone 
of Mt weighty 

t'PfcJLTmaV.’A^TOl. 180, p. 408. 
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found will over be forthcoming, for, m we have already observed, we 
know from Miss Fawcett’s wide senes of skull correlations that we have 
practically chosen the organs of the highest correlation. Better data 
for determining the equations will undoubtedly be available as further 
craniological measurements are made, or as tho great mass already 
made are quantitatively reduced. 

In the last place wo turn to the third problem • the reconstruction 
of the capacity of the living head. The mcmou contains tables of the 
skull capacity of some sixty men, and also of some thirty women, 
whose relative intellectual ability can bo moro or less roughly ap¬ 
preciated. It would bo impossible to assort any marked degree of 
correlation between the skull capacities of those individuals and the 
current appreciation of their intellectual capacities. One of tho most 
distinguished of Continental anthropologists has loss skull capacity than 
00 per cent, of the women students of Bedford College; one of our 
leading English anatomists than 20 per cent of the same students. 
There will, of course, be errors in our pobable deteiminationa, but 
different methods of appreciation load to sensibly like results, and 
although we are dealing with skull capanit/, and not brain weight, 
there is, we hold, in our data material enough to cause those to pause 
who associate relative brain weight either in tho individual or the sex 
with relativo intellectual power. The correlation, if it exists, can 
hardly bo large, and tho true source of intellectual ability will, we 
are convinced, have to bo sought olsewhoro, in the complexity of the 
convolutions, in the variety and efficiency of the commissures, rather 
than in mere sixe or weight 


“Total Eclipse of tho Sun, May 28, 1900. Preliminary Account 
of the Observations made by the Solar Physics Observatory 
Eclipse Expedition and the Officers and Men of HMJ8. 
•Theseus,’ at Santa Pola’’ By Sir Nohman Lockyeh, K.C.B., 
F.RS. Received June 22,1900.—Read at Joint Meeting of 
the Royal and Royal Astronomical Societies, June ^8,1900. 

The observing station selected for my party was determined upon 
from information supplied by the Hydrographer, Rear-Admiral Sir W. 
J. L. Wharton, R.N., K.C.B., F.R.8. Santa Pola appeared likely to 
meet the requirements of a man-of-war, and without itieh. aniatta o e as 
a man-of-war can render, the manipulation of long focus pmmatj 
cameras in eclipse observations in a strange country is impracticable. 

Santa Pola lies very near the central line oi the eclipse, and goo 
anchorage was available, protected from some winds. 
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Before leaving England, I oomrounicated with Professor Francisco 
Iiiigues & Ifiiguei, Director of the Madrid Observatory, and Mr. Jasper 
Gumming, H.M. Vice-Consul at Alicante. These gentlemen, together 
with Don Jos(5 Bonmati Mas, a large landed proprietor, and father of 
the Mayor of Santa Pola, very kindly mado all the necessary prelimi¬ 
nary arrangements with the local authorities, who had also been 
instructed by the Spanish Government, after representations had lieen 
mado by the Foreign Office, at the request of the Royal Society. 

As a result of the Royal Society’s application to the Admiralty, 
II.M.S. “ Theseus," commanded by Captain V. A. Tisdall, R.N., was 
told off to meet the expedition at Gibraltar, and convey the observers 
to Santa Pola 

The expedition consisted at first of Dr. W. J. S. Lockyer, from 
the Solar Physics Observatory, Mr. A. Fowler, the demonstrator in 
Astronomical Physics, from the Royal College of Science, and Mr. 
Howard Payn, who joined as a volunteer; I subsequently received 
orders to accompany and take chargo of it. 

Mr. Payn went on in advanco overland to make preliminary ar 
rangements and to lay out the camp on a plan which had been 
previously arranged, while the remaining oliservers left England on 
May 11, by the K.M.8. “ Oruba,” of the Orient line. 

On arriving at Gibraltar, tho party at once went on board H.M.S. 
“ Thesous,” and loft for Santa Pola, which was reached just before 
noon tho following day, May 17. I was glad to find that great interest 
had been shown in the expedition licforo our arrival on board, and 
that lectures on the work to be undertaken had already been given by 
the Chaplain, tho ltov. G. Brooke-Robinson, M.A. 

Assistants were at once forthcoming for working the prismatic 
cameras, and also for manipulating several cameras which I had 
bi ought out to 1» used by the ship’s company in obtaining photo¬ 
graphs of the corona. 

Observing parties in charge of officers of the ship, to make observa¬ 
tions along several lines, were at tho same time organised. 

On our arrival at Santa Pola, the following local officials came on 
board with Mr. Payn;—Sns. Francisco Bonmati Mas, Mayor of 
Santa Pola; Antoine Bonmati Mas, Vioe-Mayor of Santa Pola; Joed 
Bonmati Mas, Municipal Councillor; Joed Salinas Perea, Municipal 
Councillor; Eladio Ponce de Leon, Secretary to the Mayor; Michel 
Sempere, Justice of the Peace; Josd Hernandez, Captain of the Part; 
Geronimo Agnati, Administrator of Customs; Eduard Fernandes, 1st 
Ljeut. of Coast Guards ; Tomas Bueno, Medical Officer. 

They informed us that permission had been given for landing parties 
from the mafa-of-war, and special facilities granted for landing instru¬ 
ments and personal baggage without Custom’s exurnnataon. 

The erection of the instruments, huts, and tents was commenced an 
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the following morning, May 18, and by the evening of May 21 the 
principal instrument were' reported in approximate adjustment. 
Drills were begun on May 22, and were carried on several times a day 
tip to the day of the eclipso. In this work the eclipse clock, which I 
have described in previous eclipse reports, was used. 

By permission of the Captain, three of the officers of the “ Theseus,” 
Lieuts. Andrews, Doughty, and I'attnck, R.N., occupied quarters on 
shore to superintend the work of the parties in the camp. On board, 
the Chapluin gave instructions in sketching coronas and recording 
stars, using for this purpose a lantern which had been placed at the 
disposal of the expedition by the Orient Steam Navigation Company. 

The weather was very favourable for tho work of tho expedition, 
but at times the landing and embarking of partios from tho ship was 
rendered difficult by strong sea breezes and the consequent surf. 

Both day and night the instruments were carefully guarded by a 
detachment of “Guardias Civilos,” told off for tho purpose by tho 
Spanish authorities. 

The groups of observers were as follows — 

LIST OF ECLIPSE PARTIES. 


Lieut. F. A. Andrews, R.N. 
Mr. Boughey, Mid 
Mr. Lambert, Mid. 


J. Walo, 2nd Yeoman Signal*. 
W. Webb, P.O J. 

Bngler hneller, O.S 


Dr. Lookyer. 

S. Birley, E.R.A. 
J. Green, A.B. 

0. Fiahenden, O 8. 


O-taci Prltmatie Camera 

C. Willmott, OB. 
A. Humphne*, OB. 
G. Hyatt, 0 S 


td-foot Priimatie Camera. 

A. Marked, A3 
E. Darioa, O.S. 

H. Criftophcr, OB. 

W. Hamaon, Sto. Mcch. 

triuek Equatorial. 

Sir Herman Lookyer, K.C.B. 0. 0. Lambert, Mid. 

8f-»Wk Equatorial. 

Ueuk. H. M. Doughty, B.N. A. G. N. Lane, Mid. 


Mr. Fowler. 

W. F, Cox, Anar. 

A. Whitbourne, A.B. 
F. Burt, A.B. 


Loug-foeut Corouagraph. 

H. Bary, A3. 
W. Maim, OB. 
H. Brodka, OB. 


Mr.Ftyn. 

T. MoGowan, A.B. 
B. Woodland, A.B, 
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Graham Cerontgrapk. 

Mr. W. J. 8. Perkin*, Ant. Bngr., BIT. J. Knowles, Chief Stoker. 
W. Walker, Lg. Stoker. 


D* La But Coronagrapk 

Mr H. W. Portch, Ant. Engr, R.N. H. Frost, Chief Stoker 
W. Waterfleld, K B.A. 

DaUmeger Corona graph. 

Surgeon J. Martin, B.N. B. Quint, Chief Stoker 

E. Buckingham, E B.A. 

Duet. 


Mr. J. B. Bateman, Mid. B.N. 
W. Fraser, Arm. Crew 
B. S. Bradbrooko, A.B 
H. W. Richardson, P.O. 2. 

E. Voyle, Lg. Shipwt. 

T. Orange, Boy, 1 o. 

A. Mason, A.B. 

A. Steven, A B. 

O. Paul, Boy, 1 o. 


r Mr. J. A Daniels, Torp Gunner, B.N. 
4 G. Fair, Armourer 
IE. Cordon, S. Carp. 

{ W. Tucker, A B 
W. Brener, A B 
B. Salmon, Boy, 1 c. 
rA. May, AB. 

•I H Bailey, A B 
I J. EnUistle, S Std Boy 


Sktlcktt erf Corona without Duet (on tkort). 

W. Butt, M.A.A. H. Meaobor, Pte. B.M L.I. 

G. Quilhame, A.B. H. Sclimidtoel, 0.8. 


Skttoku of Corona without Duet (on hoard). 

W. Baxter, A.B. J. Wheeler, Pte. B M.L I. 

W. Butts, Pte. B.M.L.I. E. Willi*, S.B. Attendant. 

C. Jacob, Pte. B.M.L L 


Mr Bennett, Clerk. 
W. Bichea, L. Beaman. 
A. Pontifex, A.B. 

W. Boeworth, A.B. 


Obttrtaiiont 


Start (o» tkore) 

H. Angua, O.S. 

W. Kinvett, Pte. B.M L.L 
W. Oliver, Pte. B.M LI. 


Ohtertaiiont on Start (on board). 


Bev. G. B. Robinson, MJL 
H. Croxon, t*. Corpl. 

A. Phillips, Leading Shipwt. 

B. Yigua, Corpl. B.M.L.L 
B. Price, Pte. BJM.L.L 


E. Hammond, Sto 
G. Andrew*, Sto 
G. Nightingale, 8to. 

S. Wilaon, Sto . 

B. Savage, Pte. B.M LI. 


OittrvaUont of Shadow Bondi (on tkort). 
Commander Hon. B. F. Boyle, B.N. Mr. J. G. Walsh, Mid. B.N. 

Mr. T. Slater, Naval Instructor, B.N. Mr. F. C. Skinner, Mid. B.N. 

Xtttorotofieal Okttreahont (on tkort). 

Mr. G. S. Hallow**, Mid. B.N. 


Lieut* Pattriek, B.N. 



Total Eclipse of the Sun, May 28, 1900. 


341 


KtUorologiral Observations (o» board). 

G. Donnelly, Yeow Sig. W. Homme, 8ig. 

K. Gant, Lg. Sig J. Beech, Sig. 

A. Enitidge, Sig 

Land stupe Colourt (on shore). 

Cmpt. V V Wlntmanh, B ILL I Lam-e-Corpl. Wade, B.M.L.I 

Ship'* 8lonard D. Groan. W. Birkott, Writer. 

Landscape Colours (on board). 

Fleet Paymaster A. W A»k)i*ra, H.N Lioitt W. J. Frazer, B N. 

Shadow Phenomena (on shore) 

Mr V Prynn, Carpr. R.N 

Shadow Phenomena (on board). 

Lieut. H B. Shi pater, B N 
Photographers 

J Knight, SB Steward. B Bulbrook, A.B. 

Aide-de-camp to Sir Norman Loeli/rr, K.C.B., KB S. 

Mr. C. 0 Lambert, Mid B X. 

Tune Ammgeinevh. 

According to tho Admiralty chart, tho latitude and longitude of 
the place of olwervation aro 38° IT 20" N. and 0” 33-66' W. reaper 
tively. For this point, the times and position angles of contact 
derived from the formulre given in the ‘ Nautical Almanac Circular,’ 
No. 17, were as follows:— 

Beginning of totality, May, 28 d. 4 h. 12 m., 51-7 a. 

End „ „ 4 h. 14 m., 10-Bs. 

Duration of totality. 1 m., 1H-8 s. 

Position angle of fiiat contact, 87" 3-5' from N. towards W. 

„ „ last „ 03" 47-3' „ „ E. 

The experience of the Indian eclipse of 1898 suggested that the 
duration of totality was too long, and for the practical working during 
the eclipse the adopted time was 75 seconds, so that there would be 
no-chance of spoding tho coronagraph plates by exposing them after 
totality. The face of the eclipse clock was graduated accordingly. 

The arrangements for securing signals at definite intervals before 
totality was identical with thAt employed in Lapland and India. An 
image of the sun projected by the finder of the 6-inch two-prism pris- 
jpatic came ra was viewed on an adjustable screen, marked us such a 
way that it was easy to see when the cusps subtended angles of 90* 
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and 55°, which occurred respectively at 16 sees, and 5 socs. before 
totality. The signals “Go” at the commencement of totality, and 
“ Over ” at the end, were givon by myself, from observations made 
with the 4-inch Cooke telescope. 

Jlnults. 

Some of the photographs have not yet lteen developed, and the 
reports have not yet lieen received fiom the ship’s paities, so that 
only a very brief reference to the work accomplished is possible. 

Tin' l’iixnwtir ('twinin. 

Tho discussion of the senes of photographs taken with the prismatic 
cameras employed in tho last three eclipses indicated that continued 
work with this foiru of spectroscope should bo undertaken, (1) with 
tho view of obtaining data strictly comparable with the previous 
photographs, and (2) that an effort should be mado to extend the 
inquiry into comparatho lengths of the various arcs. For the first 
purpose it seemed desirable to rojieat the Indian work with the 6-inch 
<amora having two pnimis, while for tho second an inBtnunent of 
longor focus was necessary. 

Representations as to the importance of tho latter instmment were 
made to tho Royal Society, and ultimately tho purchase of a Taylor 
triple lens of 6 inches apeiture and 20 feet focal length was autho¬ 
rised. This was received so shortly boforo the expedition left England, 
that it was only possible to make a rough trial of the instrument before 
it was set up at Santa Pola. Both prismatic camoras were worked in 
conjunction with sidornstats, calculations having shown that the 
position angles of contact were favourably situated after reflection. 

Dr. Lockyer took charge of the two-prism instrument, and Mr. 
Fowler of that having a long focus, and in oach case the programme 
of exposures was successfully performed. 

The photographs which have been developed indicate the same suc¬ 
cession of phenomena recorded in the three previous echpsos, but the 
recent oclipee was specially advantageous, for the reason that the 
chromospheric arcs at the instant of contact were of greater length. 

A very complete record of the spectrum of the chromosphere at 
various depths has been secured with both instruments, and it seems 
probable that new information as to the distribution of the various 
vapours will be furnished by the photographs taken with Jhe long- 
focus instrument. 

The spectrum of the corona shows the green ring at 5303'7, the 
blue jrthg at 4231, and the violet ring at 3987'0: others may possibly 
appear on closer examination. All the rings are of totally different 
character from the chromospheric ares, and have their greatest bright- 
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new in regions other than those where the chromospheric Ares are 
brightest. As before, 3987*0 is much more uniform in brightness 
throughout the extent of the ring than the others; 5303*7 is especially 
strong in one or two regions, hut on the whole is probably weaker 
than in 1898. 

The photographs show that the scalo of the spectra is by no means 
too large for work with short exposures with a lonB of 6 inches aper¬ 
ture. The spectra are 7*5 inchoa long from D* to K, and the diameter 
of the rings is 2*5 inches; photographs taken with an exposure esti¬ 
mated at { of a second aie fully exposed. , 

The Difference* btlueen tin ('momm ohvrml at tin Pei unit of Sun-spot 
Maxima and Minima. 

My attention was called especially to these diffei encoB, because I 
saw the minimum eclipse of 1878, while the phenomena of that of 
1871 (maximum) were still quite fresh m my mind. My then pul>- 
lishod statements have lxion amply confirmed during the eclipses which 
have happened since 1878, but certainly the strongest confirmation 
has been obtained during the present one, which took place two more 
spot periods after 1878. 


1. Fm m. 

With regard to form, at the instant of totality I saw the 1878 
corona over again, the wind vane appearance being as then most 
striking. 

2. The Speih am. 

In connection with the eclipse of 1878 (minimum), I pointed out 
that, whereas in 1871 (maximum) the spoctrura of the corona viewed 
by small dispersion was remarkable for the brightness of the lines; in 
1878 they were practically absent, and the continuous spectrum was 
remarkably brilliant 

1 determined therefore to make a similar observation in this year of 
mariimim, and, as in 1878, used a grating first order spectrum placed 
near the eye. The result was identical with that recorded in 1878. I 
saw no obvious rings or arcs, but chiefly a bright continuous spectrum. 

3. The Minute Struciuie of the Inner Corona. 

Lieut Doughty, K.N., and myself made observations on the minute 
structure of the corona, in order to soe if any small details oould he 
obeerved, and whether they were the same as those I saw so well and 
recorded during the eclipse of 1871, at a period of sun-spot maximum. 
This question was specially taken up this year, as exactly two sun¬ 
spot periods bare elapsed since 1878. 


2 0 2 
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In 1871 I used a 6-inch object glass, and distinctly observed marked 
delicato thread-like filaments, reminding one of the structure of the 
prominences, with mottling and nebulous indications hero and there ; 
somo of these distinct markings were obvious enough to be seen till 
some minutes after totality.* 

This year, with a perfect 4-inch Taylor lens and a high power, not 
the slightest appearance of this structure was to lie traced; the corona 
some 2' or 3’ aliovo tho chromosphere was absolutely without any 
detailed markings whatover. 

Lieut; Doughty duplicated and confirmed these observations with a 
3$ Cooke. Hero, then, is established another well-marked difference 
between maximum and minimum coronas 


The Cotonuyruph *. 

Four coronagraphs were employed of various apertures and focal 
lengths. Olio, of 4 inches aperture and 16 feet focal length, was in 
charge of Mr. Howard Payn, while the others were controlled by 
officers of the ship. 

The results obtained are vory satisfactory, those taken with the 
long-focus instrument being especially good. In this case the image is 
1} inches in diameter, and the definition is perfoct. Tho photograph 
taken with an exposure of 5 seconds shows a great wealth of detail in 
tho inner corona and prominences; the fine definition appears to be 
due to the fact that a Taylor photo-visual lens was employed, bringing 
the rays of various refrangibilitieB to the same focus. A long ex¬ 
posure photograph, with the same instrument, is remarkable for the 
perfect hardness of the moon’s odgo, notwithstanding tho motion during 
totality. 

The threo photographs secured by Asst. Engineor Portch, R.N., 
with the Do la Ktie lens of 4J inohos aperture, givo also sharp images 
with much fine detail. 

Sandell triple-coated plates were used with this instrument. 

With the 6-inch Dallmeyer Ions, two photographs on Sandell plates 
were obtained by Dr. Martin, R.N., one being exposed for about half 
a second, and another for 60 seconds. 

The longer exposure records the extensions to a greater distance 
from tho dark moon than any of the other photographs obtained, with 
the exception of the one secured with the small-grating camera. 

This hut-mentioned instrument consisted of a Zeiss anastigmatic 
lens of 9 inches focal length, with a small Thorp grating mounted in 
front of it. The exposure of the plate was 40 seconds during totality ' r 
the longest streamer iu the N.E. quadrant extends to a distance of 4^ 
lunar diameters. 


* 1 Solar Physios,’ p. #78. 
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Disc*. 

Six discs for cutting out the bright light of the inner corona were 
erected, with the view of enabling the observers to detect the long 
extensions if there should lie any. They wore very carefully Bet up 
by Lieuts. Doughty and Andrews, R.N., and were provided with eye¬ 
pieces having all necessary adjustments. Mr. Daniels, torpedo gunner, 
then took charge of the party, and numerous rehearsals wore given. 
In the trials remarkable skill in recording delicate details was dis¬ 
played. 

During the eclipse, the actual olwerver was blindfolded for five 
minutes before totality. 

No extensions of the nature observed by Professor Newcomb in 1878 
were recorded. 

Olnuvatimu oh the Stai* Visiblt iluniuj Totality. 

A large party for the ol«ervation of stars visible during totality 
was trained and organised by the Chaplain, Kev. (t. Brooke-Robinson, 
R.N., who was provided with a set of star charts foi purposes of in¬ 
struction prior to the eclipse, and another sot, prepared by Dr. Lockyer, 
for making records during the eclipse. 

Venus became visible at a very early stage of the eclipse, and during 
totality Mercury was a very conspicuous object near tho extremity of 
one of tho streamers, a Tauri, a. and y Ononis were also recorded. 
No comet or unknown body was noted. 

Shadow Bawls. 

Tho Naval Instnictor on H.M S. “ Theseus,” Mr. T. Slator, B.A., 
undertook this branch of the eclipse work, and during tho eclipse 
worked in conjunction with the Commander, the Hon. R. F. Boyle. 
Very complete arrangements were made for securing the oriontation 
of the bands (1) on a horizontal plane \ (2) on a plane in the meridian; 
(3) on a plane in the primo vertical. The bands appear to have been 
very ill-defined, but the necessary observations were secured in planes 
land 2. 

Metcordoffical Observation*. 

A regular series of observations of temperature and pressure was 
established three days before the eclipse, and continued until two days 
after; Lieut. Pattrick, R.N., taking charge of this branch of the work. 
During the eclipse the temperature foil 5° C., and the barometer also 
fell slightly. 

The thanks of the expedition are due especially to those named in 
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the foregoing account, not only for assistance rendered, but also for 
their great kindness to us. I have already, in a letter, expressed to 
the Royal Society my deep sense of the obligation they have laid us 
under. 

As in the case of the “ Volage ” and “ Melpomene,” tho officers and 
men of tho “ Theseus ” not only assisted us with certain instruments, 
but organised crews for others, and many lincB of work which it was 
impossible for the observers sent out from Kngland to attempt. Their 
skill, resourcefulness, and steadiness were alike truly admirable. 

Thanks are also duo to the Managers of tho Onent Steam Naviga¬ 
tion Company, who conveyed tho instruments to and from Gibraltar 
freight free 

I may add, the Civil Governor of the Province of Alicante, Seiior 
don Hipoldo Caras y Gomez de Andino, visited the camp to assure 
himself that all tho assistance the Spanish authorities could give had 
been rondcrod. 


“ Total Solar Eclipse of 1900 (May 28). Preliminary Report on 
the Observations made at liouzaroah (ui the Grounds of 
the Algiers Observatory).” lly Professor H. H. Tubneb, 
M. A, F.B S, and H. F. New all, M.A., See 11.A S. Received 
June 28,—Read at Joint j Meeting of the Royal and Royal 
Astronomical Societies, Juno 28, 1900. 

The Report is presented in three parts. 

Past I. Obiout ok thb Expmmtiok avd Gbbibal Fupabatiovs bt in 
Two Obimtim jouttlt (§| l—10). 

PABT II. SlPAEATl BZTOKT BT PbOMMOB TUBKIB. 
is 11—12. The Camera* and Cmlostat. 

$ 18. Tlie Polansoope*. 

$S 14—10. Adjustment!. 

f| 17—19. Programme of Observations. 

20. The Standard Square*, 
i 21. Us* of Green Screen. 

S 22. Integral Photometer. 

S 23. Development. 


Pabt IIL Sbtabatb Rbtobt bt Mb. Ntwail. 

S 24. The Poor-prism Spectroscope with Slit. 

| *8. The Photographic Camera with large Objective Grating. 

S 28. The Polarieoopic Camera (Sarart Plate* and Niool Prism). 
| 27. Atmospheric Polarisation. 
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Total Solar JBclipte of 1900 (May 28). 

Tart I. 

1. Origin of the Etpnldum .—This expedition was one of thoee 
organised by the Joint Permanent Eclipse Committee of tho Royal 
Society and Royal Astronomical Society, funds being providod from a 
grant made by the Government Giant Committee. 

The expedition was most cordially and hospitably assisted by 
M. Trepied, tho Diroctor of the Algiers Observatory, and the observers 
are indebted to him m numberless ways for his kindness. He assigned 
good positions for the instruments in the Observatory grounds, and had 
brick piers built beforehand occmdmg to plans supplied to him by the 
observers. lie made the ai rangements for conveying tho instruments 
to and from Algiers, and put at tho disposal of tho ol>sor\ers a 
capacious dark room (which we liehove ho had specially uiranged for 
the purpose) and the servicos of a carpenter. 

2. Mi. Jlfilei/s (Jfaiuitum *.—It may bo hole mentioned, although it 
does not come stnctly within tho scope of this repott, that M. Tidpied 
allowed Air AY. H. AVesley, tho Assistant Secietary of the Royal 
Astronomical Society, who has had great oxponenco in drawing the 
corona from photographs, to uso the wjuatonal coude of the Algiers 
Observatory during this eclipse; and Mr. AVestoy was thus enabled to 
make his first eye observations oil the corona itself under most favour¬ 
able conditions. He joined tho present expedition, but as he was the 
emissary of the lloyal Astronomical Society and not of the Joint 
Committee, the report of his observations is not included hero. That 
M. Tripled should have placed the finest uistiument m the Observatory 
at the disposul of a fomgner is a sinking instance of his scientific 
liberality; and tho obseivors call attention to it Iwcause it will indicate 
more clearly than any enumeration of details the kind of assistance for 
which they have to thank him. 

3. Personnel .—The following persofis took part in the expedition:— 

H. H. Turner, M.A , F.K.S., Saviliun Professor of Astronomy at 
Oxford. 

H. F. Newell, M.A., Roe. R.A.S., Observatory, University of 
Cambridge. 

4. Itinerary .—The observers left Charing Cross at 11 a.m. on Satur¬ 
day, May 12. They spent one day in Marseilles, and arrived at Algiers 
on Tuesday, May 15, proceeding in the evening of the Bame day to the 
little village of Bouzareah, which they made their headquarters, about 
a mile from the Algiers Observatory. The instruments had been sent 
round by sea (through the Papayauni Steamship Company), and should 
have arrived on May 10, but for some reason they did not arrive until 
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counted on were thus lost, and in order to carry out tho programme 
an undesirably great press of work was necessary. The day of the 
eclipse was fine, and many good photographs wore obtained. The 
development of these and the pocking up of the instruments fully 
occupied the observers till Friday, Juno 1. They left Algiers on 
Haturday, June 2, and armed m London on Monday, Juno 4. But 
they would record the opinion that the timo spent on the expedition 
was too short. The woik was got through, but with practically no 
margin for contingencies, and would have been done better with another 
week at least. 

5 1‘ontum of Station. —The station was on tho west side of the 
equatorial coudtS and about 50 yards 8.E. of tho transit-circle, the 
position of which is 

Longitude . 0 I| 12"‘8* , 7 E of Greenwich. 

Latitude . 36 48' 0" 5 N 

Height above mean son level, 1123 feet. 

This spot was some distance from the central line, and i or 5 seconds 
of tho 70 seconds of totality available were thus lost; hut the loss was 
more than countcrlwknced by the many advantages of being at a 
fixed observatoiy. 

6 Metemilotfliitl Vmuhhous .—As regular meteorological observations 
were made at the Ohsorvutory, none were made by us. The day of the 
eclipse was tho finest of our stay, and fine days preceded and followed 
it. On May 26, 27, and 28 tho sun was seen to sot in the sea, and the 
“green ray” was looked for and seen by several observers. 

Tho disc, when near tho horir.on on May 28, assumed remarkable 
shapes, of which the following four types wero noticed by several 
observers:— 


Q C\ /A 




There was at times considerable wiud, as M. Tr^pied had warned us, 
but the day of tho eclipse was calm. 

7. Instrument*, dr.—(Soo separate reports of observers.) 

a Huts.— Willesden canvas over wooden framework was used, and 
found very satisfactory, as before. 

Mr. Newall’s hut was designed for his particular instruments, and 
the openings were obtained by leaving the canvas loose in lie form of 
flaps, which were tied in the proper positions, either open or closed. 
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Professor Turner’s hut was designod for general requirements, and 
has now been used, not only in this expedition, but as a transit hut in 
the determination of the longitude of Killorglin by the staff of the 
Royal Observatory, Greenwich, in 1898. As it appears to satisfy the 
conditions, the following notes of its structure may lie useful to 
others:— 

It is a skeleton wooden framework filled in by a series of panels, any 
one of which is removable without disturbing any other by simply 
taking out two screws. The panels fornung the sides drop into a 
groove running round the base, and two screws are sufficient to hold 
them at the top. her the loof panels it is the nppei edges which push 
into grooves along the central ndge, and the two fixing screws are near 
the eaves. 

Tho panels themselves nro toctangular wooden flames with canvas 
stretched over them. For transport, tho sides are unscrewed, and 
then the canvas is rolled round the ends like a window blind. 

The screws which fix the jiunela in position m tho hut terminate in 
rings instead of the ordinary acrow heads, so that they can lie screwed 
up or unscrewed with the fingers instead of with a screw-driver, which 
may not be handy at the moment. 

It may be remarked that both tho huts were securely fastened 
down on this particidar occasion, as tho wind sometimes blew u gale. 

9. Aimtance —The observers were assisted ill the exposures as 
follows:— 

Mr. H. Wyles, of the Leeds Astronomical Society, counted seconds 
aloud from a metronome. 

Mr. J. Potter, of Leeds, carried fiom Mr. Nowall’s hut the informa¬ 
tion of tho setting of the Savart prism (which Mr. Newall was to 
observe during totality) to Major K. 0. Foster, who set the correspond¬ 
ing instrument in Professor Turner’s hut (soe separate report of 
Mr. Newall). It was origuially intended to shout this information, but 
as it was found in the rehearsals that there was occasionally difficulty 
in hearing, Mr. Potter undertook this conveyance ns a safeguard. As 
the event proved, his assistance was all important, for at the actual 
eclipse there was so much noise from other observers in the neighbour¬ 
hood that the shout was not heard at all. 

Major K. 0. Foster, F.R.A.S, sot Mr. Newall's savart between the 
second and third exposures, and at tho same time changed the slit of 
Professor Turner’s polariscope. He also uncovered the plates for long 
-exposure soon after the beginning of totality and covered them before 
the end. 

Mr- F. L. Lucas, of Berkhamsted, made the exposures for Professor 
Turner at the objective. 

Master Eric Heim handed the plates. 

Mr. F. L. Crawford, of the Indian Civil Service (who had seen the 
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1898 eolipse at Berar), received the plates, recorded the times, and also 
exposed for 10 seconds the integral photometer. 

Mr. Lovett Henn, of Algiers, mado the exposures with the grating for 
Mr. Newall. 

Mrs. Newall made observations of the atmosphoric polarisation 
during totality. 

At 15 seconds befote totality, as shown by the diminishing crescent 
of the sun, Professor Turner called “Stand by”; at totality, “Start”: 
when Mr. Wyles counted from the metronome steadily up to 80. 
Totality las tod 64 or 65 seconds, and the extra 15 seconds was loquired 
by Mr. Newall for exposures at the socond “ flash.” The signals were 
given with approximate correctness, though, by an oversight, no one 
timed the interval between the “Stand by” and the “Start.” 

The operations wore rehearsed several times on the day liofore the 
eclipse, and once or twice in dumb show on the actual day. It*was not 
found possible to arrange for rehearsals earlier; but, with the exception 
of the omission just noticed, everything went off at the time without a 
hitch. 

10. Tin JJai/ of thr Eclipse.— Perfectly clear all day—no anxioty. 
The contacts were not observed by us with special care as we had much 
else to do, and olworvations wore being mado by the staff of the 
Observatory. M. Sy kindly supplied the following predictions and 
observations:— 

Predictions. Oltservations. 

1st contact .. 3M7“31* j 3 h 17“ 18’ 

2nd „ ... 4 69 25 4 29 27 

3rd .. 4 30 32 I 4 30 32 

4th „ ... 5 34 31 | 5 34 25 

Locul moan time (12 m 8"*7 in advanco of G.M.T.). 

Lamps were not needed during totality. 

Owing to an accident (a signal being lost through noise made by 
others) the shadow was not observed. Major KingBley Foster noticed 
the “ shadow bands ” on the white surface of the “ double tube ” near 
which he was stationed. 

Pakt II.—Separate Report by Profeshor Turner. 

Instrumental Equipment. 

11. The Cameras. —The double camera used at Fundium in 1893 (by 
Sergeant Kearney), and at Sahdol iu 1898, was modified on the present 
occasion. One of the 7 x 7-iuch tubes contained, as before, the photo- 
heliograph objective No. 2 of 4-inch aperture and 5 feet focal length, 
with a Dallmeyer secondary magnifier of 7} inches focus placed 
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8 inches within the focus, giving an image of the sun 1£ inches in 
diameter ; but the “ Abney ” lens was no, longer used in the other 
tube. It had lwen decided by the Joint Permanent Committoe to dis¬ 
continue the separate use of the two Abney lenses, and to recombine 
them into the original doublet, which Mr. Davidson was to use in the 
expedition organised by the Astionomei Royal. Hence the other half 
of the double tube camera was sot free, and it was utilised to good 
effect by arranging two polanwopic cameras to give images on tho same 
plate, a diagonal partition dividing tho square tul>© into two. One 
instrument was arranged by Mr. Newall, and w desenbod by him. 
Tho other was similar to the apparatus used by me in Tudia m 1898, but 
with improvements in detail as duscnlied below The double camera is 
furnished with six plate holders, each biking two plates of 160 x 160 mm. 
(as in use for tho Astrographic Chart), both plates laying exposed by a 
quarter turn of one shutter. 

Alongside the double tulie two other cameras wore arranged for 
single exposures during the greater put of totality. One was a por¬ 
trait lens of inches aportme and 30 inches focus, stopped down to 
jj 8; the otbor was a small polanscopic camera, doscnlied l*low 

12. Thr Culosfat. —All these cameras were pointed down wauls at an 
angle of 18“ with the horizon, m a/irouth 42 west of south, to the 
16-inch cuelostat used in India in 1898. The minor of this iustnunent 
was made by I)r. Common. It was silvern! and sent out to Algiers 
by the Improved Electric Glow Lamp Company, and had a vety fine 
surface. Tho mounting and clock of the lnstiumcnt were made by 
Mr. J. Hammeruley, from designs by Dr. Common. A steadier mount¬ 
ing is desirable on future occasions, though tho present arrangement 
works well when there is not much wind to cause vibration. 

13. Thr Tolm uropr*.. —The arrangement used in India was as 
follows 

(A) Objective, 3^ inebos aportuio, 18 inches focus. 

(B) Slit, of width 0‘2 inch, in cardboard. 

(C) Collimator, 1$ inches apeitnrc, 6| inches focus. 

(D) Rhomb of spar, 1 inch aperture (clear). 

(E) Camera, 2 inches aperture, 9 inches focus. 

On the present occasion (E) was substituted for (A), which was of 
inconvenient width for the apace at disposal. The primary image was 
thus reduced to half the size; but this had the advantage that a larger 
part of the image fell on the slit, the width of which remained the 
same as before, being governed by the focal length of the collimator 
and the angular separation of the images by the ihomb. The colli¬ 
mator (C) and the rhomb (D) remained unchanged, but the camera 
lens (E) was now a photographic objective of 1J inches aperture and 
% inches focus, made specially by Messrs. Cooke and Sons, of York. 
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The plate holder was of course that of the double tube, as above 
explained. # 

The slit (B) was arranged, as in 1898, in two portions, but was on 
this occasion made in brass. 

The slit and rhomb wore connected by a bar, and could lie rotated 
sympathetically They were set at such a position angle that tho 
lines of tho image parallel to tho slit coirosponded to vertical lines on 
tho corona; but this sotting was found after tho eclipse to lie not quite 
accurate. The setting was not changed during totality, but the slit 
was moved in the direction of its length, bo as to give a different part 
of the field lietween the second and thud exposuies. 

Tho small polariscope exposed separately resembles the objective 
prism spectroscope as opposed to the slit spectroscope. The reason for 
adopting tho slit spectroscope foim for tho instrument ahove desonbed 
is that the angular separation of images given by tho large rhomb 
was not large, and if this thumb had lmen simply placed in front of 
an objective, one image of the corona would have Benously overlapped 
the other. But a small rhomb (kindly lent mo by Mr. Nowall) gave a 
separation of 3J°, so that when tho corona was viewed through this 
rhomb and an objective the two images polarised in perpendicular 
planes wore clearly separated, though each was projected on the sky of 
the other. To cut out the sky backgrounds, a slit, of 1 inch aperture, 
was placed 13*7 inches in front oi the rhomb. 

Inutrnmt trial Adjustments. 

14. Adjustment of Cwlostat —The adjustment of tho polar axis was 
made as described in the Report on the Japan Expedition,* by pieans of 
the attached declination theodolite. This was a new one, by Messrs. 
Troughton and Simms, of rather smaller hi so than the others, with a 
3-mch circle rending to V only When the three eclipse ccelostats 
were constructed, theodolites were only supplied with two of them ; 
and as in 1896 and 1898 there were two cud os tats at the same station, 
one theodolite sufficed for adjusting the two. But this arrangement 
was only provisional, and on the present occasion, when all three 
ccelostats wont to difforont stations, it became necessary to provide 
the third thoodolite. From previous experience I judged that the 
smaller sine would be sufficient for tho purpose. 

The following observations will sufficiently indicate the state of 
adjustment, those with the level being made on the meridian and 
compared with the known latitude, so as to givo the same sign to the 
errors as the suu observations :— 


• Monthly Notlow, kAJ,,’ vol. 67, p. 101. 
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Date. Sun’* H.A. Obs, dool. Tab deol. O— C. 

May 22 . -30 +20" 17' + 20 J 20' -S' 

Observation with level -1 

May 29 . -10 +21" 36' +21 35’ +1' 

Dissertation with level - 1' 


» On the present occasion the cadostat wag not blocked with wood a& 
in India; but it was found liable to slight vibmtion, and a firmer sup¬ 
port should Ixj provided for futuro oclipses. 

15. Tilt of Minot. —The time available for preparation was so fully 
occupied that no special ol«ervations for tilt of tho mirror wore made, 
but in India theie was found to bo no appreciable tilt. 

16. Focussing of Tclestopcs. —Tho method adopted for the photohelio¬ 
graph objective und magnifier was that described in the lieport on the 
Japan Expedition.* Tho position found was very close to that found 
in previous expeditions. The ohjoct glass was unscrewed a quarter 
turn, i.e , 0-02 inch, differing 0 02 inch from tho position in 1898, as 
indicated by a wooden gaugo 

The polariscopes wero focussed on a distant view (a clear view of 
7 or 8 miles across tho bay was on this occasion av.ulable) through 
blue glass 

Tho portrait lens was first focussed by blue glass, and then three 
photographs of tho distant view wero obtained, which gave tho focus 
sharply. 

A focussing eye-piece made in blue glass, kindly lent by M. Tnipied, 
was found very usoful. I do not know whether this simple and con¬ 
venient apparatus is well known , it is mado by Hermagis, of Pans. 

17. Programme of Obsei cations with DmibU Tube —The six slides of 
the double tube camera were filled with “Rockot” plates; four of 
them only wero to lie used during totality, the others being available 
for supplementary short exposures if time should allow. As it turned 
out, there was no time for more than the four, and tho others were, 
exposed just after totality. Tho actual exposures were as below 

Time in beat* from 

Exposure oommoucomout Tune in 

No of slide, in eeoonds. of totality. seconds. 

1 1 6—7 5—6 

2 5 13-18 12—17 

(Setting of Savart and slit Iwtwoon these.) 

3 19 31—51 29—48 

4 5 55—60 52—57 

End of totality 66 62 

5 1 68—69 64-66 

6 1 75-76 71—72 


• • Monthly Notice*, B.A.9.,’ toL 67, p. 106. 
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The times after totality are diminished to get true seconds. The 
numbers in the third column are lieats of a metronome, which, though 
adjusted beforehand, changed its rate, perhaps owing to the fall of tem¬ 
perature. Just after totality it was found to beat sixty-three times to 
the minute. Further, tho word “ One ” was called on an actual beat 
whieh came aliout 0 5 second after tho word “ Start” (signifying the 
commencement of totality) had been called. This signal was given by 
mo from a direct olwervation of the disappearance of the crescent, and 
agreed well with the olisorvntions of others. The signal for 13 seconds 
ltefore totality was given to Mr. Nowall by watching the length of the 
disappearing crescent on the focussing glass of the camera, and was 
approximately correct, though by an oversight no one observed the 
interval; but after giving this signal, as I found tho direct light of the 
crescent did not hurt tho eyes, I watched that in preference to the 
image on tho glass. I saw the complete ring of the moon’s disc quito 
10 seconds liefore totality, and from that moment the corona seemed 
to grow out from the limb in a most beautiful manner. 

18. Piotjimnine for the Pdmittoprs. —Tho two polariscopes mounted 
in the double tulio had of course exactly the same exposures as above. 

Between exposures of slides 2 and 3 the Nicol prism and Savart 
plate of Mr. Nowall’s polariscopio apparatus wore rotated by Major K. 
O. Fostei to tho reading indicated by Mr. Nowall’s eye observations; 
and tho slit of my apparatus was also movod by Major Foster to the 
second position, so that the socond pair of photographs gave a different 
part of tho corona from the first. 

The smaller polariscope was exposed from 5 to 60 seconds, counting 
from the bogiuning of totality. 

19. Programme for the Portrait Lrn —A Sandell triple-coated plate 
was exposod in this instrument. Tho exposure was mado by Major 
Foster from 5 to 60 seconds, counting from the beginning of totality. 

20. The Standard Sqitair*. —On the six plates in slides, 1, 2, and 3, 
Sir W. Abney’s “ standard squares ” were impressed for photometric 
observations of the corona. The exposures were to a standard candle 
at 5 feet from tho plate, which is approximately twice as bright as the 
full moon. Assuming the brightest part of the corona to bo as bright 
as the average surface of the full moon, the exposures to be given to 
the candle were calculated as follows:— 

An image of the moon in tho Dallmoyer legs of i inches aperture 
would lie 1 $ inchos in diameter. The illumination of tho object glass 
is thus concentrated— 

(4/lJ) J times - 7 times. 

Hence the brightest part of the corona will affect the plate about 
seven times as much as direct moonlight, or three and a half rimes as 
much as a candle at 5 feet. 
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Hence to compare with a 1 second exposure to the corona through 
the lens, we should exposo the plate to the candle for 3J seconds. Since 
the faintest of tho standard squares obstructs some of the light, and' 
since it is advisable to have an exposure on the plate from the standard 
light rather denser than tho densest part of the image, the plates 
ih slide No. 1 (to be exposed 1 second to the corona) were exposed for 
6 seconds to the candle. 

Those in No. 2 (to be exposed 5 secondg to the corona) were exposed 
for 40 seconds to the cundlo, and those in No. 3 (20 seconds to 
corona) for 2J minutes. These exposures are even longer, relatively, 
than No. 1 ; but on previous occasions tho squares hud not lieen 
dense enough, and it was considered advisable to make sure of going 
beyond tho point required. 

21. Uv of Orreu Scieen. —In slide No. 4 a coloured glass screen, 
kindly provided by Mr. Shackleton, was placed in front of the plate, 
with a view of obtaining information on the distribution of curoninm 
in the corona by comparing a photograph taken in gTocn light with 
the others. But owing to the following circumstance this particular 
experiment was not a success. Tho plate should of course have been 
one sensitive to green light, and some Cadett “ spectrum ” plates wore 
taken out to Algiers for the purpose. They were whole plates and 
required cutting down to fit the slide. In tho stress of other work the 
expenmont was forgotten until an hour Iwfore totality There was 
still plenty of time to fill tho slide, and I went to tho daik room to do 
so. But the circumstances were scarcely favourable for manipulating 
the diamond in the dark, as these plates roquiro. Tho first plate broke 
and cut my finger, not seriously, but enough to hamper me, so that I 
had no Iwtter success in cutting another plate. Indeed, after one or two 
attempts I had to give it up. It seemed just worth while putting 
in a “ Socket ” plate behind the green screen, but there was very little 
on tho plate when developed , and the oxperunent was on this occasion 
of little or no value. I am sorry to have lieen unable to do justice to 
Mr. Shackleton’s kindness in providing tho screens, and hope that on 
another occasion I may mako better use of them. 

22. An Integral rhotomrhr. —To obtain an estimate of the total light 
given by the corona, an Ilford “ Empress ” plate was exposed to its 
light for 10 seconds, in a small cameia from which the lens had been 
removed, so that tho corona shone directly on the plate, but aide light 
was excluded. On the same plate standard squares were impressed by 
exposing it to the candle at 5 feet, as in g 8. The exposure given to 
die candle was, by an oversight, not recorded, but was either 10 or 
20 seconds. The oversight was discovered before the eclipse, and 
another plate from the same batch was exposed to die candle and 
squares for 0,10, and 20 seconds, and developed in die same dish. The 
effect of the corona was, however, considerably greater than that 
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of the 20 seconds’ exposure through the thinnest of the square 
screens. 

23 Development —The plates in slide No. 1, and the corona picture 
of slide No. 2 (1 second), wore developed with amidol. also the plate 
exposed to the integral photometer mentioned m § 12. All the others 
with metol. 

Part III — Separate Retort by II. F. Nkwai.l 
§ 24 The Fmu-pnsni &i*ittosiope with Slit. 

It was intended to attempt— 

(l) To secure photographs of the bright-line spectrum of the sun’e 
limb at the beginning and end of totality, five photographs at 
the beginning, six at the end 

(li) To photograph the spectrum of the corona in two separate 
regions of the corona. 

It had lieen decided not to attempt to determine the velocity of 
rotation of the coiona, for the duration of totality was not long enough 
to give satisfactory images of the lines in the spectrum of the corona 
at such distances from the limb as would ensure some measure of 
certainty that the observations would not deal with the local disturb¬ 
ances known to exist near the chromosphere. 

The instrument arranged for the purposes above mentioned is a four- 
prism spectroscope with a single slit It was used by the writer in 
India, at Pulgaon in 1898 * The only changes made in it were that 
(i) only one slit was used instead of two; and (n) one of tho prisms 
which had been found to give imperfect definition on account of want 
of homogeneity in tho glass had been replaced by another prism. The 
prism box and train of prisms had been used at the Cambridge 
Observatory for a star spectrograph, and were dismounted, for use in the 
eclipse, after tho completion of certain observations of Capella. 

The train of prisms is of such dimensions and construction as to 
transmit a 2-inch beam of light, and to produce a minimum deviation 
of 180* for Hy. The collimator and camera are set parallel to one 
another. * 

The whole spectroscope is mounted so as to turn about an axis 
parallel to the collimator. The axis is rotated (with a period of 
twenty-four hours) by clockwork, and is tilted so as to be parallel to 
the earth’s axis. In this position the oollimator points to the north 
pole, and the camera to the south polo , 

The tube of the collimator is prolonged beyond the plane of the slit, 
and i» arranged to carry at its end a mirror of speculum metal and an 

• ‘Roy. Soc. Pme./ to), M, p. 56. 
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object glMe, by means of which an image of the son can be thrown 
upon the slit 

The whole arrangement thus consists of a spectroscope oombmed 
with a polar heliostat and m virtue of the fact that the spectroscope 
is rotated together with the mirror, the image of any celestial objeot 
thrown upon the slit does not lotite relitively to the slit further 
more, the mirror is mounted in such i manner that the axis about 
which it can be tilted—imraclj the decimation avis can bo onented 
relatively to the collim itoi tube so that any di imeter t f the sun may 
be set parallel to the slit 

A special plate holder was designed for use in Ugiers in order to 
facilitate the rapid ohuigc of plates It was changed with twelve 
{dates, fixed film outwaids on the outside of i cylinder (2 inches in 
diameter), whose axis was set p ir diet to the feed plane of the camera 
and m the plane of dispersion fiee to turn inside a slightly larger 
covering cylindrical case The arrangement was turned by hand, and 
worked admirably well It ib, however, only suitable for narrow 
spectrum plates, and might be used with very Bmall alteration for a film 
on celluloid, such as is used in hand cameras of the Kodak type 
The linear dispersion m the photographed spectrum is about 14 tenth 
metres per millimetie it II r The width of the slit wia adjusted to 
0-03 mm by a diffractional mothod » 

The scale of the photograph is such that one degree on the sky 
corresponds to about 9 ram on the plate 

The effective aperturo of the combination reg irded is an instrument 
for producing monochromatic images of a slit-shaped region of the 
corona w//10 

The adjustment of the axis of the mstruim nt to parallelism with the 
earth’s axis was accomplished in the same way as in India by means 
o! a theodolite with declination circle and level, which was attached to 
a part of the frame of the spectroscope specially prepared for it 
Programme of exposures, &c — 

I Spectinw of the Smw’i Limb nt tlu lit /unu/if of Totality — Five 
exposures were made in 7 seconds, twginmng 3 seconds before Ptofeseor 
Turner's signal “ Start ’ was called, and ending as Mr Wyles called 
the “ fifth ’ beat of the metronome 
Remit —The developed photographs show that the first plate was 
exposed at exactly the right moment to catch the spectrum of the 
*• flash ” It is filled with bright lines, and shows the part of the 
spectrum between H; (3900) and H # (4861) The best part of the 
spectrum is that between wave lengths 4100 and 4650 
£1 the other four plates show bright lines, but the fall in the 
number of them is very abrupt between the first and the second plates 
IX. Spectrum of the Coiona—Six seconds after PrOfessoi Turner’s 
signal “Start" a plate was exposed for the spectrum of the corona, and 

you urm. 2 s 
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the exposure was continued for 49 second*, ending when Mr. Wyle* 
called “ fifty-five.” 

Remit —The developed photograph shows the Bpectrum of the 
corona in two regions situated at the ends of a chord whose length is 
approximately equal to the radius of the moon’s image. 

The radial extension is even less than in Captain Hills’s photograph 
taken at Pulgaon in 1898. There is an abrupt fall in the intensity of 
the marked continuous spectrum at about 2}' from the limb, and at 3}' 
from the limb the spectrum is invisible. 

In the preliminary examination of the spectrum none of the ordinary 
Fraunhofer lines have been detected, a fact which is of remarkable 
import when considered m connection with the intensity of the 
polarisation of the light emitted from the corona. (See below, p. 364.) 

In one of the spectra the hydrogen lines are vory strong, vis., H* 
H,, Hi, H,, and Hf. In the other they are barely visible, H, appear¬ 
ing only very close to the limb, and not extending more than about 
a quarter of a minute of arc. The helium lines are strong in one and 
barely perceptible in the other. In one the calcium lines H and K are 
intensely strong and broadened, though the odges are defined and the 
lines very much shifted towards the red end of the spectrum; in the 
other, the H and K linos aie weak and woll-defined naiiow lines. It is 
important to note that the shift of the broad calcium lines is in the 
direction that one would anticipate if pressure were the cause of the 
broadening and of the Bhift. Whilst it Beems clear that the presence 
of the hydrogen, helium, and calcium linos in one and not in the other 
of the two regions of the corona whose spectre have been photogiaphed 
is probably due to a prominence, this explanation is difficult to recon¬ 
cile with the signB of pressure above referred to. 

There are several bnght coronal lines discernible in both spectra; 
and in the neighbourhood of one of the lines, vis., that of wave¬ 
length 4231, there seem to be two dark lines, apparently the only 
absorption lines visible in tho spectrum. 

III. Spectrum of the Sun’s Limb at the End of Totality .—Immediately 
after the end of the exposure of the plate for the spectrum of the 
corona, the image of the corona was readjusted on the slit, under 
unexpected difficulties however on account of the faintness of the 
light. Mi. Wyles called “ sixty-four ” as I reached the platform again 
to make the exposures, and the exposures were made as follows:— 
Plate No. 7 at 63 

» 8 „ 66 

„ 9 „ 67 

„ 10 „ 68 

,, 11 „ 69 

„ 12 „ 70 

and I gave the signal to Mr. Henn for his last exposure at Tl. 
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It was found later that the faintness of the light was caused by a 
dark glass in front of the eye-piece, which was used for viewing the 
image on the slit. Thin was needed in the first exposures, but should 
have been removod by turning the hinged glass aside. It is evident 
from the photographs that the image was improperly adjusted in 
consequence of the faintnoss of the light; there is no impression on 
the plates. 

The results obtained with the four-prism spectroscope may bo 
summarised as follows ■ Five photographs of the spectrum of the 
vapours near the sun’s limb at a fixed point, and a photograph of the 
spectrum of the corona at two points widely separated near the sun’s 
limb. 


§ 25. The Vhologtaphir Camera with Large Ohyeliw Qiatmg. 

Visual oliservations of the groen coional ring -made at Pulgaon, 
India, 1898, January 22,* convinced me that the ring could have been 
photographed with the objective grating and telescope then used. 
Accordingly preparation was made to attempt a photograph with a 
large grating at Algiers. For this purpose, use was made of a plane 
grating by Howland, 14,438 linos to the inch on a ruled surface 
5 x 3J inches, fitted on an axis in front of a telescope of focal length 
68 inches and aperture 4 inches. The grating is a very brilliant one, 
and is ruled on an unusually fine-grained piece of speculum metal. 
The object glass is an excellent one by Cooke and Sons. Both of 
these belong to the splondid spectroscopic installation arranged by the 
late Professor Piazsi Smyth, with the aid of contributions from the 
Government Grant. The installation is now set up at the Cambridge 
Observatory, having been put at my disposal for spectroscopic investi¬ 
gations by the Royal Society. I am thereby put under a great obli¬ 
gation to the Society, and I venture to take this opportunity of 
making acknowledgment of it. 

In the recent eclipse the biui was about as far to the north of the 
celestial equator as it was to the south in the Indian eclipse of 1898 ; 
accordingly the grating and telescope could be mounted in almost the 
same relative positions in Algiers as in India; it was only necessary to 
reverse the positions along the polar axis, and arrange that the tele¬ 
scope pointed towards the south pole instead of the north. Accord¬ 
ingly the instruments were mounted so that the telescope was parallel 
to the earth’s axis and pointed downwards towards the south pole. 
For the purposes of taking photographs this position was extremely 
convenient. 

A strong wooden bridge or yoke was fitted to the object glass end 
Of the tube of the telescope, and projected in front of the objeot glass 

* Boy. Boo. Pros.,' vol. 64,p. 681 and 1 Mon. Hot., RJLS.,’ rol. 68, App., p. (86), 
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at such a distance from it that the grating could be mounted free to 
turn on a spindle passing through the sides of the yoke at right 
angles to the collimation axis. A small brass cup or socket was 
attached to the middlo point of the yoko so that it lay in the axis of 
collimation, and it was made tho lower Wring, by which the whole 
instrument was supported on a pointed pivot, fixed, with a small 
amount of freedom for adjustment, on a low pillar of brickwork. The 
upper end of the tulie of the telescope rested on antifriction rollers, 
supported on tho west side of tho higher pillar of brickwork, which 
also carried tho four-prism speetroscopo. Thus tho polar axes of tho 
two instruments, v iz., tho objective-grating camera and tho mounting 
of the four-prism spectroscope, woio side by mdo, and it was not a 
difficult matter to link together the two mountings by moans of a 
connecting lod, so that tho same clockwork should drive both. Each 
mounting was connected by slow motions with tho one clock-driven 
sector, and so each could be adjusted relatively to tho sun without 
disturbing the other. The arrangement worked admirably. 

The light of the corona was incident on the grating at an angle of 
about 05°, and the diffracted ltcam utilised in the telescope left the 
grating at an angle of aliout 13" 40'. In this position of the grating 
the green of the second order was usod and the magnifying power of the 
grating was a little greater than one-half, so that the coronal ring was 
distorted into an ellipse, in which the major axis was perpendicular to 
the length of the spectrum and parallel to the direction of daily 
motion. 

The axis of the instrument having been adjusted to parallelism 
with the earth’s axis, it remained only (i) to set the grating so that 
the coronal ring should appear in the middle of the field, and (ii) to 
focus tho instrument. Neither of these operations could be done 
satisfactorily before the eclipse, that is, Wore the diminishing crescent 
of the sun made it possible to recognise the exact position of tho 
spectrum in the field of view. Ten minutes before totality the dark 
lines were indistinctly visible in the spectrum, and a glance showed 
me that I had had an extraordinary stroke of good fortune in the 
rough setting of the grating, an operation which had been done by 
turning the grating till I thought the colour of the green was about 
right for the background of the magnesium lines. For tho lines were 
only slightly displaced from tho centre of the field, and the adjust¬ 
ment for tho part of the spectrum required in the photograph was 
practically correct to a nicety. Accordingly no further adjustment 
was attempted. Two minutes before the beginning of totality the 
crescent was fine enough to show the dark lines in the spectrum Yttry 
distinctly, a somewhat bewildering array of interlacing elliptical 
crescents, and the focussing was accomplished with ease. Mr. Henn 
then took charge of the instrument, and put a dark slide in position. 
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and adjusted the exposing shutter. I am very much indebted to him 
for his admirable precision in carrying out the programme of ex¬ 
posures. 

The programme was carried out as follows:— 

Three plates wore exposed. 

Plato X, 1. For the brightest chromospheric lines, at the leginning 
of totality—a short oxpoaure, alwut 1J seconds. 

This plate was to be exposed at tho signal “ Start,” given by 
Profossor Turner, and Has to be closed betweon the time¬ 
keeper’s calls “one " and “ two.” 

It was actually exposed at tho signal “ Start,” and dosed at 
the time-keeper’s call “ throe.” Tho time-keeper foimd that the 
first boat of tho metronomo after “ Start ” came so soon that he 
did not call “ one,” but called tho next beat “ two ” without 
calling “one” at all. Tho exposure was thus probably 
2| seconds. 

Plate X, 2. For the green coronal ling—a long oxpoaure, about 
40 seconds. 

This plate was to lie exposed as soon after PlHte X, I as the 
change of plate holdcis would allow, and was to be dosed at 
the call “fifty-five.” 

It was actually exposed at “ nine ” and closed at “ fifty-five,” 
and thus had an exposure of altont 46 baits. 

Plate X, 3. For tho Fraunhofer lines immediately after tho end of 
totality for compaason with any chromospheric lines that might 
appear on Plate X, 1. 

This plate was to I*e exposed when I gave the signal “ Now,” 
and was to be closed 1 second later. 

It was actually exposed at “ sevonty-one,” and dosed at 
“ seventy-two.” 

Emit *.—The Plates X, 1 and X, 2 show faint images, but have not 
been examined carefully yet; a cursory examination Bhows that (a) 
only a single chromospheric line appears on X, 1; and (l>) continuous 
speotrum appears on X, 2, but no rmnkrd coronal ring is discernible. 

Plate X, 3 is a strong spectrum, showing tho curved Fraunhofer 
lines between wave-lengths 5050 and 5460; the linear dispersion on 
the plate is, roughly speaking, 5 tenth-metres per millimetre. 

Rmnrk *.—In an eclipse with longer duration of totality, the pro¬ 
cedure here described should give good results for tho green coronal 
rifig. The plates used were Edwards’s Isochromatio Snapshot plates. 
It should be remembered that the effective aperture of the camera, 
vis,, a little lees than F/17, was rather dangerously small. 
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§ 26. The Pdariseopk Camera (Savart Platen and Ntcol Prism). 

The glimpses of the corona that I was fortunate enough to get in 
India in 1898 through a small Savart polariscope convinced me that 
that instrument, if properly used, would give just the information that 
is wanted to decide some of the perplexing points that still survive in 
the spectroscopic and polariscopic study of the corona. The chief 
objection is that the phenomena are far too complicated to study by 
eye observations in the short time at one’s disposal in an eclipse. 
Here is a case in which photographic methods should certainly be 
adopted if possible. Shortly after my return from India in 1898 I 
made some experiments to tost the feasibility of photographing 
Savart’s bands, and mot with such promising success that no doubt 
was left in my mind that a photographic record of the distribution of 
Savart bands over the corona woidd give good results in supplement¬ 
ing the work which Professor Turnor has in recent eclipses been 
carrying out in studying the polariscopic phenomena of tho corona. 
Accordingly when I was asked to take part in the observations of the 
eclipse at Algiers, it seemed well to make arrangements to prepare a 
polariscopic camera. 

Professor J. J. Thomson very kindly put two large Nicol prisms at 
my disposal. The aportuie of those prisms is lg inches. It was thus 
possible to uso a lens of a focal length of about 3 feet, if suitable 
Savart plates could be found. On making the necessary calculations 
I found that tho plates would have to be 15 mm. thick, cut in quarts 
at 45* to the axis of the crystal. A pair of such plates would give 
bands of the desired closeness, viz., aliout 10' apart, instead of the 
usual 1* or 1° 30'. Fortunately Mr. Hilgor was able to cut a slab, 
from the sloping top of a quartz crystal that I had in my possession, 
large enough to make two plates, each 14 mm. thick, of circular 
section, and with a diameter of 39 mm. (1 £ inches). The whole slab 
was worked and polished with plane parallel surfaces, so as to secure 
equality of thickness, and was then cut into two parts, which were 
combined in the usual manner. 

The figure shows diagrammatdcally the arrangement of the camera 
with the Savart plates and Nicol prism in front. The lens was a 
3^-inch lens of focal length 40 inches. The aperture was reduced to 
1} inches, or approximately F/27 for central pencils. The Savart 
plates were fixed to the Nicol prism so that the hands were parallel to 
the plane of polarisation of the light transmitted by the NiooL The 
whole system was arranged so that it could be rotated on its exit into 
soy desired position, and a pointer was provided so that the position 
eould be read off a large circle. 

In discussing with Professor Turner the arrangements for the 
various items in the programme oI observations to be carried oat, he 
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very kindly suggested that the parts of this apparatus should be put 
into one of the corapaitments of the “ double tube” alongside of the 
•other polanscopic apparatus which he had hunself arranged I fell in 
with this suggestion very gladly, and the paits were taken to Algiers 
to be fitted thero It required very careful arrangement to get the 
two lots of ipparatus into the tube, but in the end it was successfully 
accomplished, and Professor Turner made the exposures for the Savart 
camera simultaneously with those for his own polanscopic and other 
cameras The pictures obtained with the Savart camera aie on the 
same plates with the pictures obtained with Professor Turner’s double 
image polanscopic camera 

The general procedure with the Saiart camera was to be as 
follows —The Savart and Nicol were to be rotated until the bands 
due to the piano polansation of the sky m front of the corona were 
extinguished, and photographs of the corona were to be taken But 
it was not possible to look through the camor-i itself m order to make 
the adjustment “ to extinction,' foi this would have interrupted the 
exposures for all the other instruments in Professor Turner’s charge 
Accordingly a subsidiary hai art polanscope was provided, which I 
may call the visual Savart to distinguish it from the camera Savart 
The visual Savart was set up in my hut, with pointer and graduated 
circle attached, and the zero and numbering of the scale were adjusted 
so that the readings corresponded with those of the camera Savart, 
account being taken of the fact that the sky was seen in the camera 
by reflection from the coslostat 

The programme of exposures was as follows — 

1 second, 5 seconds, 20 seconds, 6 seconds, 1 second 

The first two were made with an arbitrary setting of the Savart, 
and the setting ohosen was approximately that which would correspond 
to extinction of bands due to vertical polarisation Meanwhile I had 
determined the plane of polarisation of the sky in front of the oorona 
by observations with the visual Savart, made immediately after the 
exposures with the four prism spectroscope were so far completed that 
the long exposure for the oorona speetnun was begun, vis, 6 seconds 
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after the signal “ Start.” Mr. Potter, standing by me, reoeived the 
reading resulting from my observations, and earned it to Professor 
Turner's hut, and Major Kingsley Foster adjusted the large Savart to 
the corresponding reading, and the third exposure was begun. 

The camera Savart was left with the pointei at 10“ for the rest of 
totality, no attempt being made to tost the permanence in the position 
of the plane of polansution of the sky as the total phase of the eclipse 
passed over. 

Remits —The lesulting photographs show strong bands over the 
corona. A cursoiy examination discloses the following results:— 

No. 1 1 second. Coronal extensions discemiblo as far as 10' or 11' 

from the limb 

No atmospheiie bands visible, but obvious bands oi er the corona. 

No. 2. 6 seconds. Coronal extensions as far as 36' from the 
limb. 

The planet Mercury appears on the plate 

Atmospheric bands are visible, very faint, on the following side of 
the sun, extending 4° 40' from the hmh, but are not visible on 
the preceding side near Mercury. 

No. 3 20 seconds. Coronal extensions 63' iu N^> streamer. 

„ „ „ „ 62'm S p streamer. 

„ „ „ „ 70' in N f streamer. 

Mercury very strong. 

Atmospheric hands visible to the edge of the plate on both sides. 
Strong bands oi er t the corona. 

No. 4. 6 seconds. Coronal extensions 36’ from the limb. 

No atmospheric bands visible on either side. 

Noe. 6 and 6. Not examined. 

The existence of the image of Mercury on the plates will be of 
great value in determining orientation in the polarisoopic phenomena 
as well as in the corona. 

The strong bands o\ei the corona indicate that a considerable por¬ 
tion of the light is polarised. There are irregularities in the bands 
wfaioh seem likely to afford interesting study just in the way that was 
anticipated. 

The atmospheric bands faintly visible on the plates are almost certainly 
due to imperfect adjustment of the Savart to extinction, arising from 
sero mors, Stc .; they might be due to a change in the position of the 
plane of polarisation of the sky after the initial setting of the Savart. 
In any ease they are very feeble, and it is clear that it would be well, 
If ever the experiments axe repeated, to aim at imperfect adjustment, 
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so that the atmospheric bands may be in opposite phase—with 
black central band—to the coronal bands. 

By a very fortunate accident just such an imperfection has arisen in 
the oaso of the plate No. 3, for the bright bands on the corona fall on 
dark atmospheric bands. It might lw that tho curvature of Savart's 
bands, which theoretically exists, misleads one ; but a tolerably careful 
examination of the faint bands shows them to be sensibly straight in 
tho limited field dealt with, and tho antagonism of the bands leaves no 
possible doubt that the Iwnds Been on the corona are due to the polari¬ 
sation of the corona. 

It is difficult to reconcilo the marked polarisation evidenced in this 
investigation with the absence of Fraunhofer lines in the spoctrum of 
the corona. 

Across the dark moon no atmospheric liands are discernible, and 
there appears to be no doubt that photographically tho dark moon is 
darker than the sky. Those are points that need explanation. An 
investigation of the real facts would lie difficult, but none the less 
interesting; for the idea suggested by much of the evidence along 
different lines is that somo of tho light which is usually attributed to 
the sky may come from beyond the moon. For instance, is a milky 
sky on a moonless night simply the residt of starlight scattered by 
the processes producing scintillation, or are other causes at work 7 


§27. Atnuxphnc J'uiaumtum. 

Preparations had been made that a systematic survey of the polarisa¬ 
tion of the sky should be undertaken during the eclipse, with a view 
to determining the plane of polarisation in \ arious quarters of the sky, 
a more precise knowledge of the general distribution of polarisation 
being needed for the explanation of some of tho anomalies that appear 
to have been observod with respect to the atmospheric effects in pre¬ 
vious eclipses. 

Nine Savart polariscopes were mounted in similar turning tubes, 
provided with pointers and graduated circles, and attached to wooden 
stands. The stands were arranged so that each earned two polari¬ 
scopes; one pointed to the horizon, the other to a point 30° above the 
horizon. The four stands were fixed on the top of a tall box on the 
balcony of the equatorial coud4 which M. Trlpied had kindly put at 
our disposal. The polariscopes were directed towards the four 
quarters of the sky, N.E., N.W., S.W., and S.E. During the eelipeb 
the sun was at an altitude of 80“, and only a few degrees north of 
west; thus tiie polariscopes were directed to points newly symmetri¬ 
cally disposed with regard to the sun. All the Savart plates were 
fixed relatively to the Niool prisms, so that the bands were parallel 
to the plane of polarisation of the light transmitted by the Niools. 
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The ninth Savart polariscope woe mounted in a turning tube with 
pointer and circle complete, on a board which was screwed to an 
inclined block on tho western doorpost of the hut which contained my 
spectroscopic apparatus. It was pointed towards the corona, and was 
in fact the visual Savart used by royBelf in the way desonbed in the 
previous section (p. 363) for determining the position of the plane of 
polarisation of the light from the sky in tho immediate neighbourhood 
of the corona, so that tho camera Savart could Iks adjusted accordingly. 
The polariscope had lieon loft in position with the bands horizontal 
and the pointer at 90°. Six seconds after the beginning of totality I 
left the spectroscope and looked through tho polariscope. The eclipsed 
sun was slightly (perhaps 5“) to the north of the centre of the field of 
the Savart. The bands wore seen fairly strong over the whole field 
of view, the central band lieing black. The Savart was then turned 
counter-clockwise, until the bands were extinguished. The reading 
was found to bo 9° on the scale arranged to correspond with that on 
the largo Savait in Professor Turner’s hut. This reading showed 
that the piano of polarisation of tho sky in front of the corona was 
inclined at an anglo 4“ to the vertical read counter-clockwise from the 
vertex. (There is possibly a zero error; it has not yet been deter¬ 
mined.) When the atmospheric bands were extinguished faint traces 
of bands were seen over the corona, but much less strong than in the 
Indian eclipse. 

I examined tho polarisation of the sky m the zenith about 10 seoonds 
after the end of totality, and found that the piano of polarisation 
passed through the sun. 

Mrs. Newall undertook the charge of the eight other polariscope*, 
which were arranged as described above, and her programme for the 
eclipse was to turn each instrument, so that the Savart bands dis¬ 
appeared, paying attention to the direction of turning as follows:— 
If the band system had a white central band the polariscope was to be 
turned clockwise. If the system had a black central band it was to 
be turned counter-clockwise. The instruments were then to be left 
untouched, and tho positions of the pointers were to be written down 
at leisure after tho eolipee. Mrs. Newall devoted herself very dili¬ 
gently to setting the instruments under very varied conditions on the 
days preceding the eclipse, and so expert did she become that she was 
able to make the neoeeaary settings of all eight polariscopes in about 
42 seconds. If tho polarisation was weak, about 80 seoonds were 
needed. In the following table, taken at random from her note¬ 
book, the figures in the upper line are the readings of the pointers of 
the various polariscope* when the settings were made in a leisurely 
manner; those in the lower line are the readings when the settings 
were made "racing.” “Hor.” refers to the horizontal polariscope; 
" 30’” to that which points upwards:— 
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9.B. H.K. N.W. 8.W. 

Hor/ SO 1 Hor 80°' Hor. 30°' fiorT^ 30“' 

106° 74 168’ 178 170’ 121 114’ 136 Leisurely. 

104 74 164 176 164 122 116 135 Racing. 

The following readings show that in a leisurely setting the observa¬ 
tion of extinction of the bands is satisfactory. 

1900. May 24. Ten settings for extinction of bands in the middle 
of the field—16“, 15 ‘, 16% 12°, 16’, 17“, 16°, 17’, 17’, 16’. Mean 15’-8. 
It is thus clear that the “ racing ’’ settings give results of about the 
same order of accuracy as the leisurely ones 

In the eclipse itself, the observations were made on the balcony of 
the equatorial coud6, and unfortunately, on account of other noises, 
the signal, “ Stand by,” announcing that the beginning of totality was 
approaching, was not heard by Mrs. Newall, who was standing in the 
doorway of the balcony with a view of protecting her eyes from the 
sunlight till the last moment. Nearly half of the duration of totality 
had passed before she came into the open, and heard the twenty-eighth 
boat of the metronome being called. Going at once to the polariscopes 
she began to adjust them; she had set four of them “ to extinction,” 
and had nearly completed the setting of the fifth, when sunlight 
reappeared. With regard to the last observation, Mrs. Newall noted 
an interesting point. She had nearly completed the setting to extinc¬ 
tion when the bands suddenly became bright again, with black centre, 
and she turned the polariscope counter-clockwme, fiom somewhere 
near the reading 20‘, and had nearly set again to extinction before 
realising that totality was over. The reading of the polariscope was 
then found to be 345°. 

The actual circle readings recorded immediately after the eclipse 
were as follows, and it was noted that the bands were very faint:— 

8X N.B. N W. S.W. 

H»r. 30°. Hor. 80*. Hor ^ 3(? 

105° O 94’1 324’8 340° 120“± 

[345° after return of sunlight.] 

These require small corrections for the index errors, which can only 
be determined after the instruments return from Algiers, but it may 
be provisionally stated that the angles made by the plane of polarisa¬ 
tion with the vertical, read from the vertex clockwise, are as 
follows:— 

8.E. >J£. N.W. W. 

Hor. 80 s . *5 or. 80 s . &or. 8?. Over eown*. 

60* 49* 280’ 295’ 1305’± 356’ 

[Prom my own 
observations.] 
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Comparison with the observations secured on other days at about 
the same time of day as the eclipse, viz., 4.30, may be summarised 
graphically as in the accompanying figure .— 

Polarisation of the Sky Algiers, 1900, May 26-28 
Plane of Polarisation. 

During the Total Eclipse of the Sun ♦-♦ 

in Sunshine at same hour of the day. --► 



Ar&sun. 

The results are of considerable interest in their bearing on the well- 
known peculiarities in the phenomena of the polarisation of the sky 
in the neighbourhood of “ neutral points.” 

It is a great satisfaction to be able to record these observations, 
for though they are incomplete, yet they were successfully earned out 
in spite of circumstances which would have upset many a practised 
observer; and the regret is all the greater that Mrs. Newall had to 
pay such a forfeit for her resolution, for she did not get more then a. 
glimpse of the eclipse. 

Of the nine Savart polanscopes used in these observations, four 
were lent to me by the Council of the Royal Astronomical Sooiety, 
and three by Professor Lewis, through Mr. A. Hutchinson, of Pem¬ 
broke College, Cambridge, who had arranged to come to Algiers, and. 
had volunteered assistance in the observations recorded in Section 25> 
of tills Report, but was unfortunately prevented at the last moment, 
by illness, from coming. 
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§ 28. (Intml Observation*. 

The general darkness during totality was about the same as in 
India. 

The dark moon did not appear so strikingly coal black in Algiers 
as it did in India. This is curious when considered in connection 
with the fact that the polarisation of the sky in front of the corona 
was much stronger m India than in Algiers. 

Round the limb the brightness appoarcd relatively much greater m 
Algiers than m India. The breadth of the bright ring was estimated 
as 2' to 3'; the decrease in brightness along tho radius was very 
abrupt at this distance from the limb; at 4' or 5' from the limb a 
lower level of brightness was reached and thenco outwards along the 
equatorial streamers the decrease in 1 (rightness was small up to points 
about 2" from the centre. 

My impression of tho streamers, recalled from a very vivid memory 
of the picture in my mind, is that the double streamer on the preceding 
side of the sun certainly extended l>eyond Mercury, and there was a 
similar extension on the following side. Tho latter extended for somo 
distance as a broad stroamer with nearly parallel edges. 

I nsod a telescope of 3$ inches aperture and of 29 inches focal 
length for viewing the corona direct. The instrument was merely 
clamped to tho walls of the hut. I was able to focus the instrument 
carefully, and devotod some moments to examining the corona imme¬ 
diately outside tho large prominence in the 8/> quadrant. The 
prominence appeared double, one side having tho form of a tapering 
Column projecting radially from tho limb, and tho other appearing in 
cloud-like floating forms, both parts being of a wonderful rose colour. 
In the corona I was disappointed to find no striking signs of arches 
over the promineuce. The only fine structure visible in the corona 
were a few interlacing wisps crossing one another, presumably in the 
part where the two streamers on the preceding sido of the sun crossed 
one another in diverging from one another. 

The shout that is stated to have risen from the Arabs in Algiers was 
heard by me as I exposed the plate* for the spectrum of the corona, 
that is, as Mr. Wyles called "six” Algiers lies just a little more than 
a mile in a direct line from the Observatory. It seems probable that 
the shout was uttered at the same instant as Professor Turner’s signal 
"Start,”and announced that tho totality bad begun at Algiers. 
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“ Holar Eclipse of May 28, 1900. Preliminary Report of the 
Expedition to the South Limit of Totality to obtain Photo¬ 
graphs of the Flash Spectrum m High Solar Latitudes.” By 
J. Evgbhhed. Read at Joint Meeting of the Royal and 
Royal Astronomical Societies, June 28, 1900. MS. received 
July 16,1900. 

This expedition was one of those organised l»y the Joint Permanent 
Eclipse Committee of the Royal Society and the Royal Astronomical 
Society, funds being provided from a grant made by the Government 
Grant Committee. 

The following were the principal objects which I had in view in 
arranging the expedition:— 

To obtain a long series of photographs of the chromosphere and 
flash spectrum, including regions of the sun’s surface in mid-latitudes, 
and near one of the polos. 

The photographs to l*e obtained with a long focus prismatic camera 
on a large scale, in order to he ablo to discriminate clearly l>etween 
high levels and low levels in the chromosphere. 

The photographs to include as much as possible of tho ultra-violet 
region of the spectrum, for the purpose of verifying the results obtained 
with a smaller instrument in 189H, and to give moro accurate values 
of the wave-lengths determined from thoso results. 

This report may bo conveniently divided into the following four 
sections, vis.:— 

1. Selection of observing station. 

2. Instruments, methods of mounting, and general arrangement of 

camp. 

3. Narrative of expedition, and observations made on the day of 

the eclipse. 

4. Results. 

(1) Seltdim of Observing Station. 

A consideration of the conditions under which the lowest layers of 
the chromosphere are presented during a total solar eclipse showed 
that a very great advantage would be gained by selecting a station 
situated near the limit of the cone of total eclipse, where the two 
internal contacts would be separated by a small angle on the sun's 
limb. 

At such a station the motion of the moon relative to the sun is in a 
direction approximating to parallelism with a tangent to the sun’s 
limb at the points of internal oontaot, the result being that the exces¬ 
sively shallow layer giving rise to the so-called “ flash spectrum " is- 
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occulted by the moon comparatively slowly. Much more timo is 
therefore available for taking a series of photographs than is the case 
at stations near the contral line of the eclipse, where the moon’s 
motion is at right angles to the layer, and opportunities for obtaining 
photographs of the very lowest strata are reduced to a fraction of a 
second only at oach internal contact 

I decided therefore to choose some point situated well within the 
rone of total eclipse, but so far from tho central line that the two 
internal contacts would l>o separated by an angle of about 39* 
on the sun’s limb. This would give a duration of totality equal 
to one-third that at the noarost point on tho central lmo; and the 
time available for photographing the Hash aportrum would not be 
loss than 30 seconds. At mul-eclipso the moon’s limb would overlap 
the photosphere about 1", so that even at that timo the flash spectrum 
layer would not lie entirely hidden. 

Under these circumstances, also, one of the contacts would take 
place at, or very near to, ono of the poles of the sun, the other being 
in latitude 131*. A succession of photographs taken during totality 
would therefore give a series of images of tho flash spectrum ranging 
from solar latitude 51* to the polo. 

In selecting the most suitable station, dryness of climate was con¬ 
sidered to be tho most important factor for securing extension of the 
spectra in the ultra violet; I therefore selected Algena in preference 
to Spain, although the altitude of the sun would lie less in tho former 
country. 

Tho best position in Algeria for realising tho greatest solar altitude 
was a point on the coast west of Algiers, and on the southern border 
of the eclipse track. This region was thereforo decided upon at the 
outset, and in order to realise the favourable conditions mentioned 
above, two stations wore selected provisionally Iwforehand, and for 
these Dr. Downing kindly computed for me the durations of totality 
according to the data used by tho Nautical Almanac Office. 

The first station, noar to the village of Zeralda, was found by bim to* 
have a duration of 45 seconds, *>., more than one-half tho contral line 
duration. The other station, three miles further south, and near to 
Maelma, was computed to have a duration of 29*5 seconds with a 
possible error of ± 10 seconds. 

As the required conditions would, apparently, be very nearly fulfilled 
at the latter station, I decided to place my camp either at that precise 
•pot, or at some point situated on a line passing through it, and 
parallel to the direction of the shadow track in that region. 

The actual station eventually chosen was 6*0 kilometres distant from 
the station near Maelma, in a direction bearing West 25* North. Here it 
was estimated that totality would last 30 seconds. Unfortunately, as 
tip event proved, the value of the diameter of the moon adopted by 
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cur Nautical Almanac Office is too large, and the limits of error given 
altove were very misleading. Instead of a duration of SO seconds, the 
eclipse at my station was never quite total. 

(2) IntintriH-nh, Method* of Mounting, and General Arrangement of Gump. 

It was my intention originally to take out a fine lK-jnch silver-on- 
glass concave mirror made by the brother* Henri, which was given to 
me by the late Mr. ltanyard This mirror, having a focal length of 
117 inches, would have given images on a scale of 1-08 inch to the 
sun’s diameter 

Many experiments were made with this mirror to determine the 
amount of aberration produced on star images at considerable diBtanoea 
from the axis, ami with various apertures. It was found that when 
the ratio of aperture to focal length did not exceed 1/15, good images 
were obtained 4° from the normal axis, the aberration being very 
slight 

As this would admit of a very wide range of spectrum being photo¬ 
graphed with good definition throughout I decided to adapt my large 
reflecting telescope for eclipse work. Owing, however, to the difficulty 
of obtaining a prism of large angle and not less than 0 inches aperture, 

I had, most unfortunately, to abandon this scheme and construct a 
much smaller apparatus. 

Through the kindneRs of Dr. Rambaut I eventually obtained a fine 
4-inch prism of light flint glass and 45 degrees angle. This prism, whioh 
was generously placed at my disposal by Sir Howard Grubb, proved 
most efficient for the work, although I was unable to utilise the full 
aperture. 

Three spectrographs were finally made: a reflecting prismatic camera 
of 3 inches aperture and 74 inches focus, an ordinary prismatic camera 
of 2 inches aperture and 47 inches focus, and a quart* prismatic camera 
of 1 inch aperture and 24 inches focus. These were mounted together 
inside an observing hut, and were supplied with light from a 12-inch 
ccelostat. 

The Effecting PrimmEe Camera. 

This was an ordinary reflecting telescope with a mirror of 9 inches 
aperture and 74 inches focus. It was fitted with a strong wooden 
tube, adapted for carrying two large prisms near the upper end. The 
prisms used were the 4-inch 45-degree prism, lent me by Sir Howard 
Grubb, and a 3-inch 60-degree prism lent me by Dr. Common. These 
were mounted eccentrically within the tube, in such a manner that the, 
incident light, after passing through the prisms, made an angle of about 
If* with the normal axis of the mirror. After reflection from the 
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The end of the tube was closed l>y a block of wood having an aperture 
8 inches long by 3 inches wide, a little aliove the middle Outside 
this a long slide was arranged at nght angles to the telescope, and 
bolted at the upper end to two stay toils attichcd to the telescope near 
the mirror 

A plate holdei 3 feet long bj 10 inches wi le taking two pi ites 8| 
inches square end four plates 1 > inches was arranged to move 
along the slide by moans of rackwoik and v pinion wheel One 
revolution of the pinion moved the plates 2 13 inches whoicby four 
images could lie obtained on the squat o plates and two on each of 
the narrow ones tho sixteen imagos all lieing equal distinees apart 
and symmetrically placed on tho plates I he revolutions of the pinion 
wheel were controlled by i spring catch ictmg on the crank handle, 
and holding it firmly m position attei cich ievolution 

The whole slide carrying tho plate holdei, Vc was attached to the 
telescope m such a wa\ that the distince <f tho plates ftom the mirroi 
could be vaiicd a small amount foi focussing 

The tulie of tho instiumuit was firmly lioltcd down to the sloping 
side of a solid piei of stono and cement built up withm the oliserung 
hut noai the north end It was wljustcd so that the pi me of disper> 
Sion of the pnsms was m a mondian pissing through the coelostat, 
and lucluied to the prime mondian 68 (the hour ingle of the sim at 
mid eclipse) I he dispersion w is theioforo in a north md south direc 
tion The internil contacts wue computed to occui near to the south 
point of the sun, md on either side of it rhe centie of tho flash 
spectrum arcs was therefore midway between the edges of tho spectrum 
in the photographs obtained at mul eclipse 

Ihr 2 iruli Piusm iti (<mn i 

This instrument was the same which I omployed successfully at the 
Indian eclipse in 1898, excepting that it was fitted with a specially 
corrected lens of 47 inches focus instead of tho visual objective pre¬ 
viously used Tho images were therefore on a somew hat larger scale, 
and larger plates were used 

The sliding plate holder, constructed on the same luies as the larger 
instrument already described, was made to hold three plates, 6$ by 4J 
inches, placed lengthwise m the holder, and the crank handle moving 
the slide was arranged to stop it each half revolution, moving the 
{dates 1 13 inches between each exposiue 

I The two 60 pnsms of this instnimont are made of specially 
mected crown glass, and are exceptionally transparent for ultra violet 
rays 

The total deviation of the two prutna being approximately equal to 
that of the reflecting spectrograph (about 80 ) the tubes of the two w- 
voi lxvii * 2 a 
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struments were arranged nearly parallel, tie 2-inch spectrograph being 
screwod to the side of the reflector with its aperture alongside that of 
the latter. The camera end with the sliding plate holder was at tho 
lower end. 

The Quint-. Pnsmifu Comma. 

This was rigged up while in camp, as it wAs found that a small 
portion of the ccclostaL mirror was available to Biipply light. It con¬ 
sists of two double quarts prisms of 60 and 40° angle respectively, 
each prism having 1 j-inch square faces, and a single quartz lens of 
24 inches focus It was screwed on the top of the 2-ineh spectrograph, 
with its aperture just within the elliptical licani of light from the 
ccelostat. 

My brother ai ranged a very convenient exposing shutter, which he 
was to open near mid-eclipse for a singlo exposure of 10 seconds. 

Methodi of Focussing. —All threo spectrographs were approximately 
focussed by taking a scries of photographs of the spectrum of Venus. 
Having determined the focus of the reflecting prismatic camora in this 
way withui very narrow limits, I used this instrument os a collimator 
for tho 2-meh spoctrograph, removing the large prisms, and adjusting 
a slit in the position occupied by the plates when photographing 
Venus. The 2-inch instrument, was attached to the wall of the hut, 
with its aperture inside tho tube of tho reflector, and directed towards 
the mirror. With the north door of the hut widely open, the slit was 
illumined by light from the sky, and a series of photographs was 
obtained of the Fraunhofer spectrum. 

For some roason the focus was not so sharply defined, and tho 
definition of the lines was not so good as in photographs I had obtained 
by the same method 1 adore leaving England. 

A third method was therefore tried. After having adjusted the 
2-inch spectrograph in its correct place, photographs were obtainod of 
the sun itself on Sanded triple plates; the focus being .determined by 
the images which wore most sharply defined along the edges. 

A final method, which was adopted for the two larger instruments, 
was to adjust tho focuB visually during the eclipse itself, using the 
Fraunhofer lines, which becomo sharply defined shortly before totality. 

Programme of Exposures .—The two larger prismatic cameras wero 
each to have sixteen exposures made simultaneously, by removing a 
plate of aluminium from the common aperture of the two instruments. 
The first, second, fifteenth, and sixteenth exposure were to be of 
about 1 second duration each, and the remaining exposures of 2 seconds 
duration, excepting the exposure nearest to mid-eclipse, which was to 
have 10 seconds. 

The quarts prismatic camera was to be exposed near raid-eclipse also 
lot 10 seconds, 
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These relatively long exposures wore designed to secure density in 
the ultra violet, at the risk of ovei exposing in the legion near G 

Having ascertained by reho using th it the time required foi exposing 
all the plates would lie almut 90 seconds I ai ringed that the first 
exposute should he timed it 15 seconds 1 m foie the computed time of 
mid eclipse Die antutiling exposures u< re to ft How each othoi it 
the shortost intends turning the h indies delihor itely tiul allowing 
ample time foi shake to subside before each exposure 

I was to use my discretion to some extent in miking the long 
expofture at raid eclipse but otherwise I intended to bo gunlcd solely by 
the chronometer 

The exposures were to lie mule by myself standing at the noith 
dooi of the hut ind ficing the huge spectrograph I used my left 
hand to woik the exposing shutter mil my light to lack tho plates 
forward m the slide 

My brother sitting on his lied in the hut w is to move the plates of 
the 2 inch spectrograph turning the handle hilf a l evolution if ter 
each exposure He was also to expose the quut/ spectrograph it a 
signal from me 

I hi ( i*I< ifaf 

A 12 inch crtlostut was used to supply light to the three spoctio- 
graphs m the hut It was placed about b feet from the north east 
comer of the hut and was arranged to reflect the sun m a meridional 
plane, the angle Iwtween tho incident and reflected beam liemg m 
this case i minimum, viz declination of sun x 2 ihe reflected 
beam was in a direction W 30° S, ind was directed upward at an 
angle of % with tho horizontal 

The instrument was mounted on a steel plate fixed on tho top of a 
masonry pier, and about I feet from tho gmmd The plato had a 
straight channel cut in it just wide enough to t ike the ends of two of 
the four levelling screws, the other two resting on the planed surface 
of the plate 

With the plato placed approximately level and the channel approxi 
mately north and south, the whole instrument could be shifted bodily 
north or south without distuibing the adjustments of the axis in 
altitude and azimuth In this waj the adjustment of the beam of light 
with respect to the apertures of the three spectrographs was very 
easily managed, and the ccelostat could be shifted about to suit the 
varying declination of the sun on occasions, previous to the eclipse, 
when it was desired to observe the spectrum and adjust the spectro 
graphs. 

The ooslostst was provided with slow motion independent of the 
driving gear, and this was controlled from inside the hut by means of a 
rod, 8 feet long, which my brother laboriously cut from a 3-inch plank 
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The driving clock was bolted down to the north end of the coelostat 
pier. It was driven by a weight suspended from a large tripod erected 
near. 


The fy-inrh Tel 

In addition to the photographic instruments I had a 31-inch 
equatorial telescope, and a high dispersion solar spoctroscope. The 
telescope was mounted on a packing ciisc outside the hut, and was 
useful in a variety of ways. With the BjxsctroBcope attached it was 
usod for the observation of solar prominences on the day of the eclipse, 
and on several other occasions. 

The Oheervinrj Hut. 

This was a rectangular wooden shod, the sides enclosing a space 
14 by 9 feet and 6 feet high. The sloping roof was covered with 
hoards up to alwut 1 foot from the centre beam. A largo sheet of 
canvas was stretched above the boards, leaving an air space betwoen ; 
this allowed of the free circulation of air between the canvas and the 
wood, and was designed to provent tho intenor from becoming unbear¬ 
ably hot during the day. 

This arrangement, however, was anything but water-tight, as we 
found to our cost (luring a spoil of had weather. Wo subsequently 
procured a large rick cover, which was tied securely over the canvas 
and down to the ground on the weather side of the hut. 

This hut was designed l»y my brothor for the accommodation of the 
somewhat unwieldy reflecting spectrograph and two camp beds. The 
frame was constructed by him before leaving England. 

The accompanying ground plan shows the general arrangement of 
the camp. 

(3) Narrative of Expedition and ObeenatioM mwle on the Day of the 
Ecixpte, 

The expedition, consisting of my brother (Mr. Harry Evershed) and 
myself, left England on April 30th, and travelling via Paris and 
Marseilles arrived at Algiers on May 3rd. 

At Algiers we received every attention and assistance from the 
British Consul-General, Mr. Hay Newton, to whom our acknowledg¬ 
ments are due. He procured for us a letter from the Prefecture to 
the Mayor of Maelma, ordering the latter to assist us in every possible 
way in selecting a site for our camp. 

We also received assistance and advice from M. Tripled, of the 
Algiers Observatory, who very kindly called at our hotel and dis¬ 
cussed with us our plan of operations. 
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A Beflcoting spectrograph 
B t inch spectrograph 
O Quart* spectrograph 
D Exposing ihutter 
B Ceelostat slow motion handle 


Sa+tm of F*mt 

9 . . . 9 . . ... ? 

F Codosfat 

G Pinned steel plate with channel 
H Drmng clock 
I .Tripod for weight 
J 9 uaoh telescope and spot troecopc 


Having obtained letters of introduction to some landowners m the 
district we intended to occupy, we went at once to the village of 
Zeralda, about 20 miles west from Algiers, and making this our head 
quarters for a few days we exploiod the neighbouring oountry 

The people to whom my brother had letters recenod us with the 
greatest civility, and we desire to mention in particular M Buloff, 
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administrator of the estate! of the Comte dePengonl and foi merly 
Professor at Stonyhurst This gentleman was much interested in our 
mission anil we ire pr ictically indebted to him for giving us a letter 
to a colonist M Alvado upon whose farfn near the sea coast we 
eventually found m excellent site for our camp 

It was evident at the outset thit the wild hilly region neir the 
village of Maelma would be moic difficult of access than the country 
fuither west neat the coast Mielma itself wo found to lie poveity 
stncken and unpromising I ho miyor whom wo found in his maino 
bus> w ith the coming elections w is obliging enough to n i our 
locuraent from the Prefecture or rather he got his socretaiy to do 
so lieing unalle himself appirently to leid or write Having had 
our lettoi dulv i SI wo abandoned Maelmn ind proceeded to the 
Mar ifi an ltivei near the coast to conclude negotiations ah eidy entered 
into with All ado 

These pi osented no difficult j foi M Alva lo was un homme tres 
bravo and ottered us his whole territory vineyards or comfiolds for 
out camping ground "ft o were howovor limited m our ehoico to a 
line hearing West and 24$ degiees North from Moelmt in ordei to 
secure the sumo duration of totality as had lwun computed for that 
place 

The position finally chosen was near to the mouth of the Maeafran 
ltivei on the east side and about 1 kilometre from the sea 

The position of the Mazafrm bridge about 400 metres distant was 
ascertuned from a iccent suivey to lie 

North latitude J6 41 13 

h ast longitude 2 48 10 

The position of the camp which my brother carefully determined 
by tnangulation from the hndgo was as follows — 

North latitude 36 41 47 

Eist longitude 2 48 41 

It was 17 metres above sea level and 6 5 kilometres from the 
station near Maelma, in a direction bearing West 25 North 

As the direction of the shadow track m this region was ascertained 
to be 24 39 North of West we concluded that the above position 
would be safe for a duration of 30 seconds of totality 

Hai mg settled all preliminaries we returned to Algiers to arrange 
for the transport of the instruments This was effected without 
difficulty by means of the light railway recently constructed from 
Algiers to the Mazafran 

On May 9th we returned to Aivado's farm, and the next day the 
work of erection was begun 
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Our hut, which whs to seive ns sleeping and living room as well is 
olwcrvatoiy, we hail roady for occupation the sirne evening. 

During the fortnight preceding the eclipse, out time was fully 
oicupicd in erecting ind uljustmg the three spectioginphs, caolosUt, and 
other instruments and in taking tml photographs for determinuig 
focus We also m ide daily olisei v itions of the sun with a sextant 
and irtificial horizon foi detei mining time uid checking the i ite of 
a chronometer which we had hnul for use in mu camp Being far 
from any telegr iph station in duoct commimic ition with Ugiers we 
were obliged to depend uiluclj on oWrv ation foi oui time on the 
•lay of tho eclipse Working with uistuuucnls of very second rate 
quality my brothei usudly succeeded in determining locil time within 
one oi two seconds r f error t iking tho me m of a day a set of obser 
vutions (usu illy employing the method of doublo iltitudes) 

During the whole time we wei e in camp we wei e ibly assisted by our 
host, M Alvado who took i most intelligent interest in all our 
operations, mil was ovei ieidy and at hmd to help us m any and 
ovetj dithcnlty with which we weie confiontod We take this oppor 
tumty of oxpiesaing our high ippicciatiou of his services and esteem 
for his charictu, md that of his wife Madime Alvulo Tho httei 
attended most issiduously to all out pci son d wants uid in this way 
furthered most uuteiially the objects of tho expedition 

01 vt v <ti ui mu It cm th Ih / )} th h hj t 
Between 6 and 7 am on May 2 Nth I obaorv od m the spoctroscopo 
the position auglob and appi oximato heights of all the prominences 
then visible on the suns limb Ihe lesults were then wntten out m 
aecoidanco with a previously airinged code and sent on to /eralda to 
be tolegraphod to Mr A 0 D Grommelin, at Algieis, foi the use of 
intending observers of tho coioual structure near to prominences 
The following table givos tho position mglos and heights ob 
seivod — 

Position anglo Solar latitude Approximate height Ila 

64 +9 BO 

11J -46 IB 

217 -36 115/130 

236 - 17 25 

306 + 52 20 

The rest of the morning was devoted to final adjustments and 
rehearsals, cleaning all lenses and prisms, and m taking more photo 
graphs for focus m the 2 mch spectrograph Soon after noon all shd« 
were filled ready for the eclipse, and lastly, the 9 inch mirror and the 
ooelostat mirror were both dusted and carefully polished with rouge to 
remove all trace of tarmsh 
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Fifteen minutes before mid-eclipse the large spectrograph was slightly 
readjusted for focus 1 y olisening with a lens the spectium image of 
the diminishing crescent 1 his w is effected without any difficulty or 
uncertainty 

I then attempted to focus the 2 inch spectrogi iph m the same waj 
using the Fiaunh fer lines near It which were then l ipi lly becoming 
sharply defined As the last determination made photographically 
appealed to l>e correct I set it agon to the time position 

hive minutes lefore mid eclipse my brother wound up tho codoetat 
clock and thiee minutes 1 iter I gave the order Stand 1 y 

Ihe light waned rapidly and I 1 eg in the exposures at 4 16 m 68" 
At 4 17 10" 1 found ltdifh ult to sec the seconds hand of the chrono¬ 
meter ind i few seconds latci I ipene 1 foi the lOseconl exposure 
giving at the same time tho sign d to expose the quutr spectrograph 
Ihe atiscncc of any sound fiom tho shuttei warned us that the littei 
had fade 1 to act 

At 4 18“ 1 could igain see tho chionometoi face cleatly I con 
tinned the exposmes according to tho programme finishing the last at 
4 1 18 18" 

A minute or two later aftor removing ill tho plate holders from 
then sli les 1 observe 1 the large prominences on tho southwest limb 
in the spectroscope attached to the 3 inch telescope They appeared 
cf course cxctccbngty bnlli int in the line ila Unfortunately I was 
unable to mako a cntical examination of tho spectrum for at this 
time a crowd of sight seeis imuidited the entire camp, and furthci 
ol servation foi the time 1 emg was impossible 

I ater, l olieorved the time of last contact with the spectroscope 
1 his took place at 

5 h 21“ 14* per clock 

+ 68 assumed enoi of clock 

6 22 32 GMT 

At this moment the moon s limb was seen is a black bnc projected on 
tho chromosphere 

(4) Irmlh 

Notwithstanding the fact that my station was outside the tone of 
total eclipse,* the photographs show that there was quite half a minute 

* From the dewnptioi» given u* immediately after the eclipee by M Alvado and 
others who undeitook to determine accurately the duration of totdlity, it appeared 
certain that the phot cop ben never w 1 oily disapj eared a email point of sunlight 
remaining visible at the mon ent of nud eehpee The odge of the moon • shadow 
was moreover dearly seen traversing the sea end tt e sand dunes a short distance 
lorth of onr camp, which eteeped the shadow by afew hundred metres only 
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Available for obtaining good images of the flash spectrum. No. 9 
spectrum, for instance, is one of the finest of the series, and shows 
about as many bright lines as the mid-eclipse photograph, yet it was 
exposed 13 seconds liefore mid-eclipse. Several other photographs 
taken earlier than No. 9 also show a large number of flash spectrum 
lines. 

I think this result demonstrates the \ery great advantage gained at 
stations near the limit of total eclipse for studying this spectrum. 

In cleaning the lens of the quarts spectrograph shortly before the 
eclipse, 1 unfortunately jammed the exposing shutter in such a way 
that it would not work at the critical time, and no photograph was 
obtained with this instrument. 

Sixteen photographs were obtained with the 2 inch spectrograph, 
And sixteen with the reflecting spectrograph. The following table 
.gives the approximate times of exposure, and the plates used m each 
instrument:— 


Aeronautic tunes. 


Plate* used. 


Jxjioture 


2 


0 

7 

8 
9 

10 

11 

15 
18 
14 

16 
16 


Beginning. 


4 16 58 

17 5 
10 
14 
18 

28 

27 

81 

as 

40 

45 

18 0 
4 
9 

13 

17 


Duration. 


2 

2 


2 


2 

2 

2 

2 


i 

i 


Reflecting 

spectrograph 

■pttlnigraph 

Sanded Topic 

Sandeli Pi riect. 

Sanded Perfect 


EdaanN's Ordinary 
Medium 

Imperial Ordinary 
(Km Led) 1 

Sanded Perfect 

Samlell Tuple. 

Banded Tuple 


.. 

- " 1 


The images obtained with the 2-inch spectrograph are not in good 
focus. They are very dense in the region near U, but correctly ex- 
poaed in the ultra-violet. Tho spectra extend from A 3350 to A 5100, 
Apparently the maladjustment of focus has produced a linear distor¬ 
tion of the images; and at the edges of several of the spectra, where 
the direction of the distortion coincides with the direction of the bright 






182 Mr J Lvershed 

lines the focus Appears to be quite perfect through tho whole length of 
the spectrum 

Thu suggests tint tho lens which Mas a thin one was under seme 
strain m its tell and it accoiuits for the difficulty experienced in hiul 
ing tho true focus 

In tho mid eclipse photogivph (No 11) the bright linos are futly 
well define 1 at the extreme end of the spectrum md they can 1 o 
tracod in this photoglyph to X 3320 All the lines between X 3340 
and X 3500 can be identified with those shown on tho l»est pi ite ob 
tamed ui 18J8 

The following table gives tho wave lengths and identihe itions of 
these lines is determined for tho spectrum obtained in India In 
identifying the lines with the olomeuts given in column 4 I received 
greit assistance fiom Mi L h Jewell who also supplied me with 
a levisod list of wavelength values for the solar lines given in 
coliunn 5 

The intensities (column 2) are estim ited as follows — 

I mes just visible but extremely faint - 0 

l ho strongest lines in the spectrum - 10 


W»v lengtl 
(flash 
spot tram) 


3328± 
J830± 
3333± 
3335 ± 


8368 8 
3378 0 


8892 1 
3894 7 
8399 8 
8408 48 

8406 17 

8407 32 
8406 97 
'•410 24 
8415 01 
8421 48 


J I Wave lengtl s roiglly esti 

, L n ate 3 on j h itograph 
* J No 11 ot 1900 

14 First lin on i hotograj 1 

2 No 3 ot 1898 

0 (One n • sure onlj ) 

4 Lo g 

^ 1 Faintly ixtei did 

84 Loi g 

8 Lon), 

4 .1 g I 

3 Short 1 

4 Long 

8 1 Long 

14 i (One mtaiure (nly) 

3 long 

1 I Short | 

8 Faintly extended 1 

1 Short 

1 Short 

8 Long 

1 Visible on south side only 

1 Visible on south side only i 

\\ Equal pair long. 


58 876 
58 649 
61 827 


87 988 
02 109 
94 716 


06 217 
07 597 
06 911 

14 911 

21 858 

22 892 
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3 83 


Wai e-length 

(flash 

spectrum). 


3125 "46 
3128-07 
3123 73 
3130 -61 
3133 51 
3433 1 0 
3110 03 
3112 24 
3414 30 
3118 31 
3152 -HO 
3456 55 
315H-5H 
3480 S3 
3181 68 
3483-05 
3481-32 


3485-87 
8167 46 . 
3488-72 

3471- 33 

3472- 68 , 
8474-28 

3176 87 

3177 26 
3479 48 
3481-20 
3483 08 
3488-H6 
3191 -18 
3103 22 J 
3404-60 

3496 17 

3497 82 , 

8499- 14 1 

8500- 45 
3502-80 
3605 08 
3610-98 



In column 4 the predominating element in a group is put in italics. 

The sixteen images of the cusp and flash spectra obtained with the 
reflecting spectrograph aro in good focus throughout.* Each spectrum 
• The very strong chromosphere arcs, suuh as II and K, show a faint coma on 
the more refrangible side. This has since been traced to slight irregular refraction 
st the beta of the 00 s prism. The fault is, however, loo slight to appreciably 
•Sect the definition of any but the strongest lines. 
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id 8 inches long, md extends from X 350 to X 510 lhe width com.* 
sjionding to the sun s di inictci is 0 68 inch 

The fiuoi flash spectrnni lines in many of the photographs are par 
tioularly well defined in the ulti i a lolet 

The first fom photogi iphs of the senes uc much oxei exposed and 
fogged and only the stiou^u c In nnosphue arcs ue visible at the 
edge of the continuous speettum In the succeeding images, the sky 
illumination liecoming much diminished the bright hues show up 
elciilj on a light bickground 

In No 9 the flush spectrum is fully dexcloped in t rift m the con 
tinuous spectrum fhis uft extends from position angle 140 to 148 
and includes i legion between b7 ind 7 > south latitude The 
bright linos etossing the lift aic lKantifully dofuiod throughout the 
spectrum uul in the ultn Molct the} can lie tixcod nearly os far as 
the continuous spoctrum lhe hi umhofer lines no well dehnod upon 
tho eontnmous speetium wheit the httoi has not been overexposed, 
and the whole speetium m the nitre \iolct is a nuxtiue of bright md 
dark lines 

Accurate determinations of wave length will lesult fiom the measure 
nient of this negative 

No fl This was exposed foi 10 seconds at tho greatest phase of 
the eclipse The continuous spect nm is broken up into fi\e narrow 
lands, and the flash speetium lines form long ucs crossing tho bands 
Most of these ucs extend ovei neail} 80 of the limb and cover the 
entire south poltr legion fiom latitude 7 > cn the etst side to 
latitudo 28 on the west 

JThe bright lines on this negitne ire nn re stiougly impressed than 
on any of the othois and they em he ilcirly tiuced up to the end of 
the eontnmous speetium it X 350 I he dark lines of the Fraunhofer 
speetium aie still tiaceahle on the nairow stups of continuous spec 
tium 

This nogatno will gne good wase length dotetnutations for all the 
fmei hues between X 350 and X5I0 

Good ini iges of tho flash spectrum aie ilso impiessod on pbotogiaphs 
Nos 10, 12 and 11 

It net tl ( ncUtmuH- 

(1) In its mam feituies the flash spectrum at the south pole of the 
sun is the same as ui low latitudes 

(2) No essential change is shown after an interval of four yean, 
the spectia photographed by Shackleton, in 1896, and those obtained 
in 1898 and 1900, all appear to be identical so far as it has been 
possible to compare them 

(3) The flash spectrum, therefore, is probably as constant a feature 
of tiie solar surface as is the Fraunhofer spectrum 
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With regard to instruments the reflecting prismatic c intern has 
proved to ho a most efficient form of spectrograph for eclipse work 
The uniform focus ovoi the entue tango of spectrum and the 
facility with which the adjustment foi focus can ho effected, are 
advantages which those who hast worked with pusmatic cameras will 
appreciate 

Another impoitant ulvanttgo in the ust of the lcflectoi is the 
proximity of the exposing shutter to the pi ite h >ldoi l>oth of which 
can cvuly Ito controlled by tnc person Ihcie is no Bigtialhng 
Itetween the man it the plates ind the m in it the shnttei 

There is again the ads ant igo th it there is no Selective absorption of 
ultra violet lays which occurs in lenses md if the minor is freshly 
polished there is no selective lefhctioii foi my of the rays which can 
be photographod 

In concluding I have to acknowlc Ige my great indebtedness to my 
brother foi his untiring devotion to the interests of the expedition 
throughout In all the negotiations necessity on imv il m tho 
country he took a leading pait uid was successful in obtaining tho 
goodwill of every person with whom we c imo m coutlet 

The fine senes of photogriphs which wo oltunol hoai wntnoss to- 
his skill in carrying out to the letter the Bomowhat troublesome 
arrangements which I hid pUnnod foi erecting and adjnstuig the 
instruments 


Prelftnmaiy Nolo on Olwenations of the lotal Solai Eclipse of 
1900 May 28 made at Santa Tola (( asn del Plrnto) Spain ' 
By Ralph f’oiKLA\n Ph I> IRAS h 11 SL —Read at Joint 
Meeting of the Royal and II iyal Astir nomical Societies June 
28,19Q0 MS leceiveil Octolier 1 T)00 
I had again the honour of liemg nominated one of tho observers for 
the Joint Eclipse Committee, the station illotted to mo being at Santa 
Pola, on the south east coast of Spam 
On the 9th May I left hdinlmrgh riuI sailed from Tilbury on the 
11th in the Orient steamship ‘ Omba accompanied by Mr Thomas 
Heath, First Assistant at the Edinburgh Royal Observatory, who was 
going to Santa Pola to observe the eclipse on behalf of the Royal 
Society of Edinburgh 

My instrumental outfit had preceded me undor tho care of Mr James 
McPherson, the experienced mechanician of our Edinburgh observatory 
This outfit comprised the 40 foot horizontal telescope of 4 inch aperture 
previously used in India and Norway, together with a small Iceland 
spar and quarts prismatic camera, with an effective aperture of 
2 8 inch. 
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At St Pancrns Station I hid the pleasure of joining bir Norm in 
Lockyor and his party who, like oiu belies were Itoiuid for Santa Pola 

Early on the 16th we reached Oibr iltar whore wo weie met by 
another member of out hdinhurgh piity Mr h nuikhn Adams, from 
Machnhimsh who had most thoughtfully hi mged for the trmsfer of 
all oui edipso appuatut, ftom thi Oiubi to II MS Theseus, 
whit h the Admiralty h id gen< rou*Jy placed at the dispos il of the Tomt 
Committee Mew ore most coi di illy w elcomed on bo u d the Theseus ’ 
by Captain Tisd ill who introduced ns to his officers and issigned to us 
our most comfort ible quaitors 

The few days spent on boird the Theseus passed most pleas mtly 
With the gi latest interest wo followed the various foims of drill and 
wore greatly struck by the promptitude ind piecision with which every 
order was earned out 

On landing it Santa Pola on the ifternoon of tho 17th we were 
received with the utmost courtesy by the \lcaldo ind other Spanish 
authontics who at once issuitd us of ill possible assistance in the 
furtheraneo of our work The liitcrch mge of courtesies bung over, we 
at once proceeded to tho tamp iltouly lai 1 out for Sir Norman Lockyer s 
party A1 undant sp ice hail liecn left for the uibt illation of our appa 
ratus, but on closu ev iminataon of the ground wo found the subsoil too 
light and sandy to ifford the firm foiuidation required by our heavy 
instruments We had therefore ti select mother site Ihis wo found 
in tho upper p ut < f the town in i barley field ftom which tho crop had 
been gathered i few days befoic Here tht solid rock covered only by 
a thin 1 lycr of soil affordod in ideal found ition for all our apparatus^ 
while tho neighliounng walls oi houses protected the site from the 
prevailing winds without unduly obstiacting the view 

To the south east of the selected spot stood a large barn, which 
chanced to bo v acant m consequence of i law suit, and was therefore 
called L i Casa del Pleito This bam w as allotted to us by the ever 
obliging Alcalde and gave the name to our station It served in the 
threefold capacity of a store place for our empty boxes, a photographic 
laboratoiy and i most welcome retreat from the bumuig rays of the 
noonday sun 

While our instruments weie being landed and catted up on the 
morning of the 18th we commenced laying out and preparmg the 
necossary foundations for them In this as in all our work, wo were 
most efficiently helped by a detachmont of junior officers and men from 
the “Theseus” 

For the first few days there was a good deal of cloud, by night as 
well as by day, and it was only with difficulty that the exact observa 
tions requisite for setting up the 40 foot were secured 

Saturday, the 19th, was a red letter day for us, as well as for our 
countrymen throughout the world With his usual thoughtful care, 
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Mr Franklin Adams, before leaving Ingland, hud arranged that a 
concise daily telegram should bo sent to him giving the latest war nows 
These telegrams were at once communicated to both camps as well as to 
the Theseus md it is needless to say with what keen interest they 
were received and discussed We were prop mug for liuich at the 
comfortable little rcstaiuaut wheio wo lodged when the telegram 
uinouncing the rclief of Mafckmgww ruined Immediately we all 
rushed into the entrancehill whirewe gne thieohoaity British cheers, 
grtitly to the istomshmcnt jf our Spanish ft lends who wore quite at 
a loss to uiulcrstind what all the chiding md excitement mcmt 

By Mond ty the 21st ill oiu heavier concrete found itions were 
finished and we had a dear week in which to adjust and test our 
appliances fhe wcither had also 1 ceomo much dealct partuularly m 
the afternoon when it w is import mt to chock the fan il tdjustmonts of 
the long telescope at the horn corresponding to thit of the eclipse 
Eventually all the uljustmcnts we r o completed anil tested by the 27th 
on the afternoon of which day wo h id the sitisfaitnn of Beeing the 
aims image tiavuse the plate holder of the 40 foot precisely at the 
computed rate uul at the exact (list nice fiom the conlio line rorro 
fe ponding to the sun g declination it the time 

On the 26th we reconcil a visit from the Gnil Governor of the 
Province of Alicante who was desirous of seeing our appantus and 
s itisfying himself that evotj thing possible was licmg done for our 
comfort and conveniente On the Rime day i party of iiench astrono , 
mere came o\er fiom Uche to see out camp md compare notes We 
•much regretted that time did not petnnt our returning their fnendly 
visit 

¥ can while Mr Heath md Mr If rankltn Adams hid elected tho 
equatorial stands to carry their apparatus Mr Ilcith w is provided 
with a 6 inch photo-visual telescope by f Gooko and Sons iri mged to 
photograph the corona in the puni try focal pi mo, while Mr i ranklin 
Adams’ equipment consisted of a number of c imeras several of them of 
huge apertuio designed for obtaimng pictures of the coronal rays and 
the suns sunoundmgs generally He had also several very accurato 
thermometers mounted on a suitable screen 

Tho exact duties of each momlier of the camp were repeatedly 
rehoarsed in accord into with tho beats of a metronome, the indications 
of which were shouted out by a so iman on tho plan devised by Sir 
Norman Lockyer for legulating the numerous operations at hu camp 
As moat of the olrsorvera had ilroady practised at their respective 
instruments, even the hrst general rehearsal went off much better than 
we could have expected The whole credit of this is due to our naval 
assistants, who, from being trained to act promptly and in concert, 
readily appreciated the exact nature of the new duties entrusted to 
them 
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In the night all tho plate holders were duly Ailed and arranged in 
older 

For about a week before the day of the eclipse the closely approxi 
mate tunc, of Greenwich moan noon was signalled to us from the ship 
This proved of tho gieitest \alue as it relieved the tunps of the 
necessity of making independent time detei mutations 
irom the moment at which the erection of the instillments was 
commenced four membeis of the Giuudii Civil wore told off by the 
Spanish authorities to natch os or tho sifety of out gear A singlo win 
cord stretched lound the area occupie 1 by tho mstinmcnta served as the 
line of demarcation within which lutauthonsed persons were not 
allowed to come On tho diy of the eclipse this line was thiown 
somewhat f irthcr 1 ick at the suggestion of our Spanish fnonds 
The weather on tho momentous 2Bth was all that ustionomora could 
desire With the gieatest caio all out ipparatus was icvise 1 Tho end 
of our bam had 1 oen smoothed over with stucco so as to present a white 
expanse some 30 feet in width by 15 foot in height on which to ohsuve 
the shadow hands The azimuth of this wall was very exactly S 40 W 
and as mid totality occurred m anmuth 92 10 the positi in of the wall 
was very favourable foi tho observations in question W e also put up 
a white screen some 14 feet square projecting at light angles to tho 
northern end of the wall md whitened the ground in the angle thus 
enclosed thereby giving three pianos on which wo hoped the bands 
might be seen Two officers of tho Ihosous who for somo days 
previously had piactised markuig ind ltcoiding imaginary shadow 
bands were entrusted with the duty of recording tho real b uids as they 
appeared on the white surfaces They wire piovidod with brushes 
attached to long poles and with pots of coloured wash- hlue for the 
lioginning of totality and red for tho end 
I undertook to observe the first contact with a small telescope of 
2 inches aperture 

This occurred 10" 4 before tho computed time but the discrepancy 
caused no surpnse as the moon g limb was very rough at the point of 
contact, and there was tho chance that our chronometer time might be 
out a second or two In view of the very important work before us, 
no photographs of the partial phase were attempted 
I have a note that at twelve minutes before totality the sky began 
to darken very rapidly, the darkness increasing more and more visibly 
during the lust minutes liefore the total phase hive minutes before 
totality at the word ‘ Stations,” everyone took up his assigned poet 
The large crowd of spectators who hadymllected during the last hour 
or two pressed closer in to the boundary wire—some of them still 
expressing their doubts as to whether the eclipse would really be total 
or not 

Eighty three seconds before the computed time of second cbntact I 



389 


o/1900 May 28, made at Santa Po!a Spain 

gave the Bignal “ Start the clock to McPherson who was in the dark 
room of the 40 foot At tins moment Mr Fi inklin Adams gave a few 
strokes on a large boll, and callod out S d mu' 1 must here say 
that thiB call wis limnedwtolv oliyod in tho most courteous wHy by 
the assembled crowds who muntuned i jicrfect silence until the 
important phase w is ovci 

One mrnute beforo totality at the signal C hronogi iph McPherson 
registered the position of the moving plvtoholdei Sixteen seconds 
liofore totality when accoiditig to Mi howlet s computation the 
diminishing descent should sulttnd ui in of 90 I gavc the signal 
Stand by five seconds licfoic Utility c nicsponding to 55 of a 
crescent the signal Reulv w is tailed ui l it the disappeaianco of 
the list glimpse of sunlight I gave the final sign d of Ito ' 

From this moment the s uloi in ch u go of th« metr morne announced 
every fifth second dtuing the fust minute ui 1 then every second until 
the seventy fifth, when he callt 1 Stop 

One minute md twenty foui si on Is iftci the sign tl I gave to 
McPherson tho hud signal Ihtonogiaph which he igun recorded 
on tho moving plate hoi Ui issuinig himself it the same time that it 
was still moving it the tegulai speed 'While I wis giving the caihei 
signals just mentioned I notuod t very intciesting feature in the 
diminishing descent When the luminous descent was icdnoed to a 
mere line, m exceptionally hiillnnt be id of light lioeame detached 
from the rest continuing to shuio like a lnight stir foi pothips four or 
five seconds and piolwldy disappoinng ncailv it the simo time is the 
lest of tho descent It was doubtless due eithu to the passage of the 
sunlight through a veiy deep v illey on the moon » limb or to the inter 
ruption of tho crescent by a high i mge of luiiai mountains WTiat 
over its origin it pi (suited an extremo cose of the well known phe 
nomonon of Baily t> Beads 

Whatstmck mo most lioth in tho late eclipse and m that of 1898, 
was the sudden tiansition from the swiftly changing phenomena 
attendant on tho disapjieiraiKe tf sunlight to tho steady imvarying 
aspect of the coiona liming tho last few mmutes of the partial phase 
all the phenomena ire in a stite of lapid change the light decreases 
in a swift geometned ratio the last shied of the suns limb disippeais 
the prominences buist into vuw, and all at once the corona stands 
lieforo one fixed and relatively unchanging during tho whole of 
totality 

The corona ns seen with the niked oyo presented a striking 
resemblance to tho pictures of the coiona of 187*< Bilow was i broad 
double streamer, like the outspieod tul of a dove, symmetrical to the 
sun’s equator, while opposito to this was a single large pointed streamer 
involved in a much fainter dovetail symmetrical to the one below 
The spectrum shown by an excellent direct-vision prism about mid 
vou ucvn 2 v 
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totality struck me as lieing very continuous for I ilul not see the 
K 1474 nng In common with ill othoi observers I was struck by 
the extreme brightness si id tho lod colour of Mu airy some pre 
ceding tho Sun while ntu tho zeiuth \ onus blared in the purest 
whito 

Piming to the photographic icsults thiee successful litgitivos of the 
prominences and the corona were obtained with the 40foot with 
exposures of r i" 0 1H*(> uil 3“ 0 lespcctivdy On tho whole the 
long exposuto gives the licst picture m the oiigind negitive the 
light of tho greet equitouil streameis cm lie traced to a chstance of 
about one sol u di inn toi fi m the moon s limb while the detail of the 
shoitoi sticamus is shown with consilei dilc precision The shoit 
exposuus natmallv In mg out the shoito i tys th it ire to some extent 
lost m the bnghtuoss duo ti the long cxposnie 

Thorc aie ilso twenty four spcctiogiamB taken with a direct vision 
piism dnwn in fiont of the object glass of the 10 foot Of those two 
gioups of ten cich wcic seemed one set as totdity w is coming on mil 
the othci lnimuliitch aftci it hid ended Thcv weic tikui on plitis 
me ism mg S inches I \ 1 ft inches so in mged is to In moved ti ms 
uisclv in tho plitc holdu 1«tween cich esposme The height of 
cich spoctiogiun is 0 ( inch while ui interval of 1 mill is illowcd 
between tho different pictures I ho limauung four spectrograms wore 
tikui after totality with the 40 foot voting as i prism itic camera 
The two culiei ones Hhow H K and other lines extending beyond the 
continuous speotium while the two list arc of little interest except for 
finding how long aftu the end of totality it is possible to obtain useful 
spectrograms 

In developing theso plates and m making the copies and slides* from 
them we had the advantage of the skilful assistance of Mr John 
Banks photographer of Fdinburgh 

McPherson s position inside the dark room of tho 40 foot gavo him 
tho uniquo opportunity of watehmg the ictual image of the aims 
appendages as it lmprmtocl itself on tho sensitive films At the time 
of making the exposure of neatly nineteen seconds at mid totality he 
describes tho pic tin e as comparatively daik—very little of the corona 
being visible tho largor prominences woio, howevor noticod, although 
they were not nearly so bright as afterwards In tho last exposure, 
near the end of totality, the prominences appeared of a bright flaming 
red colour, and tho picture on the plate was altogether a splendid 
sight Mr McPherson was watching the prominences under tho 
impression that then were still five seconds to spare, as the time 
keeper at the metionome was counting seventy and we expected the 
eclipse to last seventy five seconds, when all at once a sudden increase 

* The beet of these slides u well as contact copies of the larger negatives, were 
exhibited at the meeting 
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of hnghttuss took place on the moon’s limb—white light nooning to 
mil o\ei the odge of the moon’s diw Immediately com hiding that 
the total phase was all hut ovei, ho let go the toid and closed the 
shutter When working with tho pi ism the exposures were fai too 
short to pot nut of seeing tho ini iges 

The spai camci i was in ehirge of William Slmghtei, jictty oflicei 
of tho “ Theseus ” it could not possibly have been m better hands, foi 
in spite of the lightness of the (inch iquatnrnl mounting and the 
delicate clock movement by which it was earned, ho oxjiOHod all his 
plates without delaiigmg the instillment in tho slightest degree Si\ 
spcctiogianis woic obtained m all, sc vital of which contun mmy 
ultraviolet lines belonging to the chiomosphcit, or possibly to the 
lower layeis of the coiona 

Pending the presentation of the ie*poit on the shadow hands which 
is in my hands, hut which I should like to supplement by a sheet com 
putation, I may sa> that the two othcos of the “Theseus,” Mr (been 
and Mr Alexander, succeeded in inaiking tho com‘-c of the shadow 
1 lands on the vutual wall liolh it the beginning and at the end of the 
total phase As totahtv came on, thp faint tippling liands moved to 
the light upwards, the direction of motion making m angle of 20 to 
K)° with tho voitical, at the end of the dnk ph isc the motion was in 
the opposite dueetion—to the left downwards the motion in lioth 
cases lieing at light angles to the Ulus The lines apjieared in shoit 
wavy fiagments Quite at the last, a little after the main body of the 
lines had disappoaied, there caiue a solitary thickei line, more distinct 
than tho rost, and moving less lapielly in a dueetion inclined 47 to the 
vertical, but otheiwise in tho same genual direction as the rest of the 
lines The wall was photographed, but although the negative shows 
the rod luios distinctly enough, the full blue coloui used at the 
beginning of totality, can scarcely lie seen ui the photograph No 
hands were satisfactorily made out on eithei of tho two other planes 

The warmest thanks of our party are due—to tho Admiralty for all 
the assistance given to ns, to the officers and crew of H M b. 
“ Theseus ” for their heaity co opeiation, which contributed so largely 
to the success of our ondeavouiH, to tho British ViceConsid at 
Alicante, to the Spanish authonties and to out Santa Pola friends 
foi then untiring emutesy and kindness , and to the “Oiient ” Steam¬ 
ship Company for their veiy ldieial concession m canyingoui bulky 
impedimenta pi actually flee of cost 
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Total Eclipse of tlie Sun 1900 May 28 Prelimmaiy Account 
of the Ol«ervations made at Ovar Poitugal By W H M 
Chris'!ik CB MA FRS Astiononui Koval and F W 
l)Yso\ M A Set K A s Read at Joint Meeting of the 
Royal and Roy al Astronomical Studies June 28 1900 
MS lcccived Chtoltei 18 1900 

[PtAtrS i 5 ] 

1 <hn nil hmngtmeiii* 

An expedition to observe the total sol ir eclipse of M ly 28 having 
been sanctionod by the Admnalty it w is uringed in coneeil with the 
Joint Pemmiient Jclijwe Committee (hit the Royal Oltsotv itory pirtv 
should tike photogiaphs of the corona on i laige si do foi stiiietural 
detul and on a smdhr stale foi the toiond stieimeis »nd should 
also photogiaph the spectrum of the Wish uid of the coiona The 
programme thus liatui illy divided itself into two puts Mr Christie 
insisted by Mi Davidson taking chugc of the hrst patt and Mi 
Dyson of the si cond 

The pirty are much indebted to the Portugiuso Governmint for the 
libel il u angements nude foi tho conveyance of the observe!s and 
then instiuments in Portugal fice of all ehuge to uul fiom then 
obsciviug station it Ov u and foi the gloat issisUnco tendered in 
electing the instillments tnd for i d uly time sign it fiom the I is]ton 
Oliseivatory dnect to the observing station 

lhey ire also indebted to Mr hi ink Rawes of Opoito foi miking 
ill arringcmonta for a suitable otwcivmg stition it Oiat, and foi 
much thoughtful provision for the comfort md convenience of the 
observers 

The party fiu thei icieived v iluablo issistance from Mi J J Atkin 
son, who went with them fiom Lnglaud, and from Mr Arthur Beny, 
who joined them m Portugil on M ly 20, thoy leuhly joined m all 
the woik of the expedition such ut> the erection of huts instiuments 
Ac Tho patty are also indebted to them and to Mrs Kennedy md to 
Mi Rawes for assistance in the obsetvations on the day of the eclipse 
Human /—The olwerving huts and instruments weie sent to South 
ampton on May 8 with the exception of the 10 inch eoelostat miuoi, 
and two boxes of photographic plates which weie taken with the 
observers’ personal luggage The observers left Gieenwich on the 
morning of Friday, May 11 sailing from Southampton by the Royal 
Mail steamship Clyde,’ and teaching Lisbon about noon on May 14 
Aftei an interesting visit to the Royal Observatory at Tapada, Lisbon, 
on May 10, the obsu vers left for Ovar on the evtiung of May 16, and 
arrived there on the morning of rhursday, May 17 
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They left Ovar for Lisbon on Tuesday ovoning, May 29, the ilay 
after the oi lipso, and left for England by tho Royal Mail steamship 
“Magdalena,” on Friday, Juno 1, reaching Southampton on Juno 4, 
and Greenwich on June While at Lisbon, the Astronomer Royal 
had the honour of an audience with Ilia Majesty the King of 
Portugal. 

Station. —The station chosen was at 0\.u, m Portug.il, noat the 
extteme wostetly point of the line of totality m Eninpc, having tho 
advantage of tho longest totality 

(bar is a town alrnut twenty miles south of Opntlo, on tho lailway 
line to Lisbon , it is situated on a sandy plain, winch slietihes to tho sea, 
the nearest point of tho roast being about thieo miles distant The 
metooiologieal conditions of this station pioved to be good, the sky 
lieing cleai on eight of the thirteen days dining which tho observers 
were there. 

Tho station occupied by the obseivois was tho gulden of Mr. 
Silveiro’s house; its position, taken fiom the Oiduanee map in conjunc¬ 
tion with plans of the town, furnished by the Public Works Depart¬ 
ment, it. lat. 40' 51' 00" N, and long 8 07' 0" W , and is alxiut 1* m. 
from the central line of the eclipse. 

Emtum ami Disposition of 1/uh ami liidiununK —It was lound on 
annul at the station that the loose sandy soil icached to a depth of at 
least 18 feet, thus lendeung tho election of connote oi masonry pieis 
unsuitable, as well ns impracticable. The giound was accordingly 
cleared on May 17, the day of airival, and thoionghly rammed; the wet 
weather which had pi evaded pievious to tho armal, rendered this the 
more effectual. On tho same day tho instillments and materials for the 
huts weio bi ought from the railway station, half a mile away, in ox- 
w aggons, and partially unjiacked. The arrangement of instruments 
and huts was also roughly marked out. 

On the next day, May 18, the huts to cover tho instruments wore 
erected, and lioxes filled with stones, on which to mount them, wore 
placed in position, The huts were light wooden fiames, covered with 
Willesden waterproof canvas; they were fitted togother at Greenwich 
before starting, and tho woodwork marked, so that they were readily 
fixed up. Theie wore throe huts exactly alike structurally, each being 
8 feet square and 8 foot high, using to 10 feet at tho gable; tho canvas 
was thrown over the top and sides in two lengths, and tacked down to 
tho woodwork; the encls of the huts were at > unged with panels when 
necessary, which could be removed as required Two of these huts, 
without any canvas at the adjacent ends, were bolted together, 
forming one large hut 16 feet by 8 feet, to cover the coronagraph and 
16-inch ccelostat. For observation tho bolts wore removed, and the 
hut over tho cmlostat moved liack a few feet. The spectrographs were 
in the third hut, and the heliostat supplying them was outside the hut, 

a r 2 
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and provided with a light canvas lovor whim not in use. The equa¬ 
torial with the double tube lot the small-scalo photogiaphb of the 
corona was coveied with a shoot of w.Uerpioof canvas when not in use. 
The arrangement of the different huts anti instillments is shown in the 
accompanying plan. 

The liistmments were all erected on May 19, the uhsorveis thus 
having a clear week to adjust them, and to teheaise the oltsoi vations. 

Vet umiKl, -The following list gi\es the names of thow3 who took 
part m the obseivations 

IV, II, .M C'hnstie —Thoinjtsoii toionagtaph Lai go soalo photo 
giaphs of roiona. 

F W Dyson — Double pliotogiaphio spectioseope. S|tectmm of 
“ flash ” and of eoiona. 

0 Davidson • Doublo taniuia Small stale photographs of torona 
to show extension. 

J J. Atkinson :—Assisted Mr. Dyson, moving plate-holders and 
changing plates for the flint pirsui spec tioscope 

A. Deny —Counted seconds toi hist half of totality, and thon set 
the hehostat for second contact 

Mts. Kennedy.- Counted seconds foi second half of totality. 

Frank llawcs.—Read thcimometeib ilui uig ec lipse. 

Foui Portuguese Soldieis - Handed plate holdeis cluiing totality 
for Mt. Chustie and Mi Davidson lespectnely. 

The following was the method of piotedure, which was oaiefully 
rehearsed on several occasions pievicmsly. The olaaii i ers w oie stationed 
at their uibtiuments, and Mr. C'hnstie watched the dimunslung 
crescont of the sun on the giouiul ghws of his coion.igr.iph He 
had a papoi ao.de on which tho lengths of the ciesieut woio marked, 
computed for tho into! vain 3 mins ,2 mins., 1 min , 45 rc>cb , 30 secs., 25 
secs., 20 secs , 15 sees , 10 sees, before totality , at 13 secs, tho length of 
the crescont waa 2 64 niches, and at 10 sees liefoio totality 2 30 inches. 
Having previously given the signal, “Get Ready,’’ Mr. Christio called 
out “Ten” at 10 secs, liefoie totality, which was tho signal to 
Mr. Dysoir to l*egin the oxposuies foi the " flash." At totality 
Mr. Chnstio again gave the signal (tho monosyllable “ Tup ” was used) 
and Mr. Berry started a metronome which had l>een carefully rated 
to give seconds, and proceeded to coiuit up to 50. Mrs. Kennedy took 
up tho count at 51, and continued counting as far us 100, which had 
been estimated as 10 sees, beyond totality While the count was 
proceeding, exposures at tho sevoial instruments were made, as descrilied 
in the sepaiate reports. 

The Day of the Eclipse, —It was quite clear in the early morning, hut 
some light cirrus clouds collected later, causing the observers some 
apprehensions. There was some light cloud in the sky during totality, 
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but there is no leason to suppose thit it mteifeied btnonsly with the 
observations 

The hist contict oitui red it 2 1 6 20’ Lisbon Mum Time uid was 
observed by Mr Chnstio on the giound glass of the i ion igi iph The 
time of commencement of the tot il phisc was not i match noted 
the diu ition was olrsmcd (by mt ms of i stop w it h) in l found to lie 
84$ sots during which the progrimmo det nit cl lnl »w w is tamed out 
After totility photographs wero tiken for onuit ition Tht fouith 
contact w is it 4 1 16 H’lisbiu Mem Time lhcre w is a good dial 
of light during totility thi diminution of light bung similu to thit 
occurring during a heuy thuiidustnim m summer Tht tempoatuio 
fell il out 8 during the eclipse 

Duung totality Met tut} md Venus wore sotn Mu cur y especially 
being voiy bnlhant lhe ohsctiers hul not ninth opportunity of 
observing the ittuidint pbcnoraoiu of the eclipse md with the issist 
ante which was kindly given them were only just able to providr 
adoqmtoly foi the woiking of the instruments 

II Ihofgtiqh / th < nut 

Tho programme of obsoi% itions was composed of two distinct 
parts — 

(1) Photogi iphs of tho corona on a Urge suile to show structural 
det ill 

(2) Photogi iphs on i smaller solo with rapid lenses to show the 
coton il streimora with the greatest jiossible extension 


(1) 1 a>iff s if Photof/ iphs 
(These wero tiken by Mi \V H M Christie) 

The instrument used for (1) w as the Thompson photogi iphic tele 
scope, with object-glass of 9 inches aperture and 8 f»ct 6 inches focal 
length, belonging to tho Roy il Observatory, m combination with a 
concave telephoto lens by Dallmeyer of 4 inches ajioituie md 16 
inches focus fitted is a secondary magnifier, to give an imago of the 
Sun 4 inches in diameter, with a field (for full pencils) of 14 inches 
diameter The total length of the coronagraph was 12 feet—the 
equivalent focal length being about 36 feet A caolostat with 16 inch 
plane mirror (made by Dr Common) was employed to reflect the rays 
into the coronagraph which was mounted (on Ixixes filled with stonee) 
so as to point to the mirror at an angle of depression of about 5*, and 
at an asimuth of about 56* West of South for the day of the eclipse 
The camera was furnished with five plate-holders to take 15 x 15 inch 
platee, or for the shorter exposures 12 x 10 inch plates m a earner 
The flse slides for photographs of tho corona during totality were 
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exposed as below, the expos ui es being given by the oliserver with the 
exposing shutter of the plate holdot, uid the tunes noted by him, 
counting fiom the commencement of totdity 


No 

I 

Begin 
mi li 

7- 

J xpoeun 

tni 

84- 

Dura 

tion 

14" 

Plate 

1 u item 

12 in x 10 in 

2 

16 

22 

6 

I mprtss 

12 x10 , 

d 

30 

r )0 

20 

Sandclls Ilipic coated 

1> x 15 

4 

36 

68 

12 

Spetnl Hipi 1 

15 x 15 

5 

7b 

78| 


I intern 

12 x 10 

As E 

won is 

possible aftei 

t itality i sc on l pi ite 

w w put in No 5 


pi ite holdei and exposed twuc t n the sun f >i onent itiun (with chiving 
dock stopped for { nun lietwteii) the cxposuie 1 icing is shoit is 
possible (' to j sec ) uid the ipeitiue reduced to 2 inches 

Abney squat es weie putouVs 1 (twice) u 1 > iftei ictu n 
home 

No 1 .100 cxposuie it *5 ft to stmdud cuidle 

Nod 5" and dO 5 

No 5 300 d 

Tho plates weie all develope 1 dtu ietui n home hyclroquinone dilute 
lieing used Nos 1 md 5 untoitun itely blistcicd I wily in dev elop 
ment especnlly No 1 though ivciy cue w is ttken the devtlopei 
being at a tcmperatuic of 60 It is to I o icm uked th it othei plates 
developed at tho sumo time undu picusely sinulir conditions weie 
free from Mistouug No 2 is to i ceitun extent disfiguied with spots 
ontheplite, which, howevu, do not matendly inteifeie with the 
coronil detail 

No 4 shows fine detail in the polar plumes inti coronil stieimers 
extending to neirly a diameter of the Sun tiom the limb No 3 shows 
neatly tho same 

No *5 shows \ ci y (me detail m the pi eminent ts uitheSW quid 
lunt, with gi wlition of brightness mctging mti the coionil stmctiue 
close to the limb, thus showing a continuity Ictwecn the two pheno 
menu uid attotdmg fiesh evidence of the assu litiou Jictwcui coional 
stietmere and prominences, which win uidn ited in the photogi iphs of 
the 1898 eclipse 

It shoidd lie mentioned that the corunagnpb was caiefully fotussod 
m the same mannei as foi the eclipses of 1890 uid 1898,* by mems of 
the image of an object (gaure net) m the pi me of the plate leflected 
from the plane nunoi of the ealostat lhe focus was thus obtained 
with gieat iccuracy aftoi two oi thioc trials, md it was found that the 
held was lemurkably flat 

• Monthly Notice. B A S , ml ->7 t 105, Boy Soo Procrol 84 p 8 



Messrs W H M. Christie and F. W. Dyson 


(2) Small snih Pludotpoph', to dime Aj&mmmii of tht Cot mot 
(These were taken by Mi C Davidson ) 

'Iho double camera, used m former eclipses, whs adapted to cany a 
Dallmeyei iapid rectilinear lens of 4 inches apeiture and J4 inches focus, 
working at f 8 m one half of tho tube 'lhie Ions was lent by the Itoyal 
Ystionomical Society, the two halves, which had been used bopaiately 
in foimer eclipses since 1882, having lieon reunited foi the piesent 
ethpso 

In tho othei half of the cameia tube there was mounted a new 
“Unar” lens by Koss, of 2 4 inches apoituro and 12 inches focus, 
woiking at f/5 

Foiu plate holders, each taking i pair of 16 x16 cm plates side by 
wdo were used during totality, both plates being exposed by a quattei 
turn of a shuttci A fifth plate holder was used to obtain double 
images of tho Sun foi (mentation as soon as piacticable after totality 

The double camera was mounted on tho equatorial stand of one of the 
Dallmeyei photo-hehogtaphs, originally made for the Transit of Venus 
1874, tho mnldlo section of tho stand lieing removed to make it moio 
handy 

Both lenses were carefully focussed on Rtai fields, the final adjustment 
lieing nude by nisei ting thin metal nngs lxsncath the flange of the 
lens 

Tho foiu slides foi photugiaphs of extension of tho coiona weie 
exposed as below, the exposiucs lieing noted by the obhcivci, counting 
fiom tho commencement of totality 

1 xpuaim 

Begin Dura 

>0 rung End (ion 

1 3" 8- 5- 

2 18 48 10 

.1 57 72 15 

4 80 81 3 Empress 

bhoitly after totality the fifth slide with Saudell double coated plateb 
was exposed thieo tunes on tho Siui foi ouontation at intuivals of 2} 
mins with the driving clock stopped Tn this case Iroth lenses were 
stopped down to then smallest apeiture, it, f/64 foi tho “Unar” 
lens and f/44 for the Dallmeyei, and the exposure was as shoit us 
possible (about J sec ) 

“Abney squares” wore put on Nus 2 and 4 aftci return homo. 

No 2 30 secs exposiue ut 5 feet to standai d candle. 

No. 4 10 

The photographs with short exposure No 4—3 secs, are the most 


Piste 

Bandell Double coated 
„ Triple-coated 
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successful, and show the greatest extension, that taken with the 
“ Abney " lens showing rays whicli can 1>o traced on the east side to a 
distance of more than 2° from Hiui’s contro, and on the west side to a 
distance of fully 1}°. This is further than they could be traced visually 
mider the atmospheric conditions at Ovar, where the observers traced 
them to a distance estimated at j of distance of Mercury from centre, 

«■'•> u*- 


Ill, The ijjx 1 1) hv (qiu Vamna% 

(By V. W. Dyson.) 

IiiiIi aments. —The spectroscopes used were two kindly lent by 
Captain Hills, and employed by him ui the Indian Kclipse of 1898, 
•faunaiy 22. The details of then adjustments as used at Ovar me as 
follows. 


S|xvtro«<D|K> No 1. 


S|H<iro»co|S' No 2 


Object he 


Collimator ami camera 



Prinni at minimum 
del istiou for 


Cooke, uilironwtii, 11 in 
n|v?H ui c, « ft. 21 in 
loon* 

Mingle quurtr loni, 21 ill 
aperturo, 30 in tocui 
11 m hvO-oOUin 
Two ilenw Hint uritina 
of Of', 4| in buac, 2i 
ill. height 


Hy (A 4340). 


Single quart/ lena, & in 
apii-furc, t f(. 71 III. 
I focui 

Single quart! lena, S III. 
| aperture, 30 in. foeua. 

2 m bj 0-0012 in. 

| Four double quarts 
prisuia of (JO* (each 
prism being composed 
j of two halt-pnsmsof 

1 right- and left-handed 

• quarts), 3J in. base, 2} 

m. hoight. 

| U( (A 3880). 


The width of the slits wore adjusted by a method given by Mr. 
Nowall. The thud diffraction image of the slit, % iowed by putting the 
eye near the position of the plate, was made to come on the edge of 
the object-glass by alteiiug tho width of the slit, and the slit left at this 
reading. 

The length of tho spectrum on the plate for spectroscope No. 1 was 

Inches from H* (A. 4861) to K (X 3934), and for spectroscope No. 2 
2J inches from A 4100 to A 3500. 

Both spectroscopes were mounted horizontally, and were suppliod 
with light by a heliostat furnished with a 12-inch flat mirror. 

Erection and Jdjvtirtmt of Instrument*,—As the nature of the ground 
was unsuitable for brickwork or concrete piers, three of the boxes in 
which the instruments were carriod were filled with stones and the 
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• erected on then On one of three—a large clock care, 
5 feet long, 2} feet broad, and feet high—the helioetat was placed, 
a light wooden frame holding the two objectives This was covered 
when not in use by Willesden canvas on a light wooden framework 
which could bo readily lifted on and off Ihe spectroscopes stood 
on a mahogany table, 5 feet by 4 feet, which rested on the topmost of 
two boxes The boxes were of such a height that the middle of the 
slits of the two spectroscopes wore respectively half an inch below and 
half an inch above the centre of the minor This had to lie arranged 
somewhat carefully as i 0 inch and t t 1 inch Ions had to be suppbed 
with bght by a 12 inch nuirot whose normal at the time of the eclipse 
was inebned mite thin 40 to the incident uid reflected lays The 
spectroscopes were in i hut, 8 feet squate mule of Willesden canvas 
facing north ami south and with the noith side open when the lnstm 
menta wore in iw 

The adjustment of the polar ixis of the helioetat was made by 
means of an attached thc< dohtc tho altitude of the axis 1 icing first set 
to the latitude and tho azimuth then idjnsted by olnerving the sun’s 
decimation at difleicnt hour ingles from 9* to 16 1 In this way 
the instillment was icadilv uljusttd tall tho observed dechintions of 
the sun agieod to within 2 with those of tho ISautical Almanac 
throughout the above range of hour angle Tho Btabibty of the 
mounting of tho instrument on the sand was quite satisfactory, only 
very small changes in level occ uri mg, uid no perceptible changes m 
azimuth fhe only difficulty experienced with tho helioetat was in the 
driving, which is not very satisfmtoiy at large azimuths 

Puxpumtiif of hrpnfui f —The two spectroscopes were adjusted to be 
as nearly as possible on the sun s limb simultaneously, and the pro 
gramme of exposures was the same for both The cameras of the 
two spectroscopes wore provided with rack movements, so that a 
number of exposures could 1 k> made on the same plate A flap was 
arranged so that the exposures for Isith spectroscopes were made at 
the same time lhe programme as airanged with an expected dura¬ 
tion of totality of 90 secs was is follows 

Ten exposures were made of 1 soc duration beginning 10 secs 
before totality it aliout 1 sec apart for the spectrum of the “flash” at 
the beginning of totality The plates were then changed, and at 
30 secs from the beginning of totality the plates were exposed for 
00 secs, te, till 70 secs from the beginning of totahty for the 
spectrum of the corona The plates were again changed and the 
image on the sbt moved by Mr Berry by means of the slow motion of 
the behostat, and ten exposures of 1 sec duration, beginning at 80 sees 
after first contact, were given for the spectrum of the “ flash" at 
Second contact. The conditions under which the “ flash " was photo¬ 
graphed, as detet mined by the circumstances of the eclipse at Ovu and 
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the mbtrumenta used, are shown in the acootopanying diagram, which 
is enlarged about four times 



O is the cmtie <f the suns clisi \B is the blight tic is seen 
10 stes bcfoio tot ilit\ mrl is 70 ihc c< title of the m e, C, w Inch is 
ilvout 1 fiom the equitoi w 16 ilmve the point 1) whete the atc is 
t ei tu tl and could lie mule to touch tlu slit lht slit ninth is re pie 
suited by dotted lines cut the blight in Ik. tween t ami 1> tho hon 
/< lit d distimo lxtwccn (. in 1 I) hung ’ 0 th f in inch ihctimefoi 
tin lust evpostnc vu 10 secs before tot tilt\ w is given to the 
oliMiveis by the Vstiononui Koy d frim the length of the ripidly 
diminishing ire is seen by him on the gniuid gliss of the toiono 
gi iph This time ippt in. to have lieen given eomet to diont 1 sec 
The position of the imago on tho slit w is not changed foi tho 
«]>ctLium of tho coion i, which was ohluned mil the point of second 
coni ut 

I oi the “flish’ at thud contiet the slow motion of the hcliostit 
w is used, miking tho suns image tin el m the direction OO of tho 
dngram, tho unountof tho displacement Iwmg detci mined by watch 
ing tho sun in tho utt iched theodolite I he position of the slit 
ulitivcly to the bright no is Bhown in the bccoiuI chigi im, m this 
c wc the slit w is not neuly tingentiil to the sun s limb 

lho photogi ipbic plitcs used were Ilfoid 1 mpiess for the hist 
flash” photogiaph with the flint speitioscopo end foi both the 
flash photographs with tho quirtr An Ilford * Ordinaiy was 
used foi the Bccond “fl ish photogi iph with the Hint Culett ‘ I lght- 
mng plates wore used fo lioth photogrtphs of tho corona spectriun 
Sj i h um of Hu S uh\ Itmb Tho senes of spectra of tho limb show 
i large numliet of lines, but they hue not \ot been examined ludetail 
With tho flint spectroscope a sjx.ctnim is obtained extending from 
F to K This is good fiom 1 to h With the quarts the spec 
tmm reaches from A to X 3300, and is in good definition to almut 
X3430 Tho photographs taken with the quaitz spectroscope at the 
VOL 1XT1I *3 G 
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beginning of totality are an interesting senes They show a long 
series of hydrogen linos (26 beginning at A), and a large number of 
iron md titanium lints The difference in hihauour of these two 
mebils is shown in a striking m inner the titanium lines, like the 
hydrogtn lints hung blight m the wholt soups of photos beginning 
10 stts In foie totditv while the non lints ait iciersed in tht 
eirlioi photogriphs Illinium lints at wivt longths 3683 10, 3761 46, 
and 3739 12 ire Rptuilly blight A itpioduetion is gnen of part of 
this senes of photngi iphs (PI itt 23) 

Ihf (' 1 1 nn S ,frrh i Reproductions of tlitst spectra lit giien m the 
attompinjing plite (Plito 24) "With the flint spectroscope i ton 
turnons sputimn is i htunel fiom I to H Light blight lines are dis 
tinttly shown strptthmg light itiosa tht continuous spectrum, and 
btstr il shoi ttr lints in the doiMPsl put Tht lino 1474 Kis not shown 
piobabh bet him pldts spcmlly stnsitno in tht green wore not used 
ihe wist lengths of the lints have iwt \ot been dctormmul Iho 
positu ns of the corona lines ate inditattd on the plate and cm be aeon 
on the top band though only faintly 

With tht quntr sputioscope i tontumoua spoetrum is shown whith 
tin be funtly triced as fn is X 3600 Stiong bught huts aio shown 
.at X 3987 and X 3801 


Aoimhi 22, 1900 

The LORD LIS1LR, Flits DLL, Pioaidont, in tho Chan 

Mr John Horne was admitted into the Souetj 

A List of the Presents ro n eivcd wis laid on the table, and thanks 
ordered for thorn 

His Gi ice tho Duke of Northumberland, a member of Her Majesty's 
Most Honourable Puvy Couucil, was balloted for and elected i Fellow 
of the Society 

In pursuinco of tho Statutes, notice of tho ensuing Anniversary 
Meeting was given from the Chair, and the lut of Officers and Council 
nominated for election was read os follows — 

President -Sir William Huggins) KCB,DCL,LLD 

Trvutun —Alfred Bray Kempe, M A 
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See, eta, — / Slr M »chaol Foster, KCB.DCL.LLD 

l Profossoi Arthur William Ruckor, M A , D Sc 

hrntvjn Seat tiny — Thomas Kdwaid Thorpe C B , Sc D 

Other Aft ml ei s f tht ( un il Pioftbsor Hcmy rdw-nd Armstrong, 
LL D , Chules Veinon B03 s II01 uo T Brown, 1 1, D , M lllmm Henry 
Mahoney Chiistic C B Professor hdwin Bailey Elliott M A Hans 
Fnednch G ulow, Ph i) Piofts'-oi Mi Ilium Mitclunson Hicks, MA , 
Lord Listei iRCS PiofescorWilliam C11 niicliid MeTntosh,FLS , 
Ludwig Mond, Ph 1 ) Pioftssor Arnold Milliam Remold M A , Pro¬ 
fessor J Lmirson Reynolds, S< ]) Robott Henry Scott, ScD , Pro 
fessoi Ghailes Stott Shcu uigt on Ml) IT II Tcnll MA Sir John 
Wolf0 Bin rj k ( B 

The following Pnpeis net0 u id — 

I ‘luithu Note on tho Spettimii f Sditium B\ S11 J Norman 
iMhvni kt B 1 RS 

IT * On Solai Chinees tf lempti it me ind \amtions 111'Rainfall in 
the liegion siuiuundiiig the Indi in Ocean Bj S11 J” Norman 
L0CK\MI K C B , 1 RS Old I>1 W ! S I Of KYJiR 1 
Ill On the Kistoiation of Co01 diluted Mo\imoots iftcr Nerve 
nothing with Inteuliiinge of 1 unction of the Cerebril Cortical 
Centies ’ Bj lh RoiFRT klN\*M Conimnnnatod by 
Professor Mi ki vnmc k, h RS 


luithei Note on the Spectiuni of biliuuni By bir Norman 
Lot Mtu h( H I RS Recciu d Octobci 20,—ReidNoxeni- 
liet 22 1900 

In a pieiious note* I guio 111 act omit of somo observations on the 
spectrum of siliciuin, and showed the relation which ovists between the 
various groups of silicmm lines and ccitiun hues prominent in the 
spectra of some of the hottest st irs 

Further photogi iphs haie recently lieen obtauicd (with a linch 
Cooke spectrograph) of the spectium of silicmm bromide in a capillary 
vacuum tube, and of the spark spoctnun lietween two poles of metallic 
niHmiiw which were kindly sent to me by Sir William Crookes In 
each case the laige Spottiswoode coil and plate condenser were used 
The spectra extend from about X 3850 to D, and occupy a length of 
about 7 inches between those limits Although all the ulicmm lines are 
• 1 Boy 80c Free/ sol 68, p 440. 
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i to the two spe ti v the rolitnc intensities of the lutes chffei 

gieatly 

These later photogiaphs shiw ill thi lines eimmented m mj former 
< ommunication with thi ihiiti n rf set < 1 il fainter lines and i strong 
double m the gicen thi littu tilling tutsilo the regiin previously 
imestigitc 1 

I ines m the spa k spectmm if silitiuiu hue been iocit ltd by Fdor 
mil \ ilcnti* md by I xnei m 1 lias hthT A comp ms >n of thtso with 
the lines phot gi ipht l it Kensington is given m the fi llowing tible 

Bottei plntopiiphs of the specti i if the tvpe stais liaio been 
iccently obtlined ml we a i now in i nnrt sitisfi trry pisition to 
tiace the \ molts silt nun lines through siucessiie stages of stellir 
tenipeiatiue The lints in the spottr i of a Gygni ji Omuls y Ononis 
and < On mis whith t iriespi ml with lines of sihti un are m heated in 
thi tible by then lnttnsitiis 

In myfoimer irU the lines were dm led into three sets A B, C, 
and the lahivi ui <f the hiteient sets in tciitstml mil celestial 
-poctri w is destubi 1 lht griupings wire then mile roughly 
spoiking in older of wivckugth Ki ny prismt piujiow' it is 
important to dmde them according to the eon hti ms undei which they 
lietome puminent lines this inly lniohes thi chmgmg of the order 
of the gtoups and mv lvos no intei thinge of my of the lines from 
one group to another kefetenco w is ik > m t le previously to a line at 
X 1905 8 sjiei i il to th< ut but as this is n it an enh ince 1 lino it was 
not included m any of thi sets ABC Hence I now will unothci 
gioup consisting of lines most prominent in the ire spectrum Ihe linos 
constituting the various groups will then lie wgivui below arranged 
in Older of ascending temporatuie Group 11 ong the lowest — 
f 4090 1 


Gioup 


fit 

n \t 


4006 ) 
411b 4 
rlTO 8 
ip Ills 4>6s 0 
Uj 74 9 
f 3b>3 9 
I 38ob 1 


Set B of pi tv ions note 


Gioup II 41-8 1 
, 4131 1 
| 15042 
L/j0 r )7 

f mm T / 3903 8 
° 0UpI L410J 1 


• Sits Kan Akad dir\Vi*« Wien id 107, p 41 
t Aat Phy» Jour rot 12 p 48 
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The linos in Group I, although appearing in the Bpark spectrum, are 
stronger in that of the arc, and therefore cannot lie classod as enhanced 
lines. They are both givon by Howland in his “ Table of Solar Wave¬ 
lengths ” as lseiirg coincident with linos in the Fraunhofer spectrum, and 
may Iks considered as the lines of ulicmm which make their appearance 
at the lowest of the tcmpei atures we are now considering 

It will be soon that only the stronger lino of the two is represented 
in the spectra of tho stars includod in the table, and that only in 
« Cygni, which h.is liecn placed lowest m order of ascending tempera¬ 
ture among those t of erred to ftom a pieuous investigation of lines in 
its spectrum other than those of sihcium 

It docs not appear to ovist at tho higher stages of stellar temperature 
represented hy /3, y, or t Ononis. Tho alisente of the other lino fiom 
the spoctrum of a Cygni may Ik? accounted foi hy its comparative 
weakness m tho Bilicmm art sped mm In a Cygni only the very 
strongest of tho arc lines of iron, manganese, \v., are represented, and 
then only as very weak lines. 

The lines in Group II are either idwent fiom the most recent arc 
spectrum photographed at Kensington or eust there only as weak linos. 
Tho memliere of tins group aro pionnuont lwith in tho vacuum tube 
spark and in the spark hotweeu piles of silicmm, but ate upon the 
whole more prominent in tho lattoi spectrum. Considering the first 
five hues in tho group, which aro tho only ones comparable with the 
Kensington records of stellar spoitra, a glance at tho table will show 
that they aro at their maximum intensity at tho stage of temperature 
represented by a Cygni, and decline in intensity as wo pass to the 
higher successive stages represented by /3, y, and < Ononis. At the 
latter stage some of them have disappeared, and the others are on the 
verge of extinction With regard to the remaining two lines of this 
group, those at XX 5042 anrl 5057, the position of which cannot be 
estimated more accurately than to the nearest tonth-metie on account 
of the diffusuness of the lines, it is extremely probable that if better 
photographs of thut region of the spectra of a Cygni and Bigel were 
available, linos would be found corresponding to these silicium lines. 
Keeler has recorded* a lino in tho spectrum of ltigel at X 5056, and 
this is probably identical with the silicium line at X 5057, which is by 
far the stronger of tho pair. 

The lines in Group III occur both in tho vacuum tube spoctrum of 
silicinm bromide and in the Bpark spectrum. They appear as a well- 
marked triplet m the latter, but not nearly so prominently as in the 
former. 

They first make their appearance in stellar spectra in a Cygni, where, 
however, they can only just be traced. They aro a little stronger in 

• ‘ Art. a id A.t. Ph; 1804, rob 13, |> 489. 
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fi Ononis and are most pionunent in / and t Ononis m which two 
spectra they are of ihont equal intensity 

The lines in GioupI\ have never been seen in the spark speetjum of 
biheium when snidl coil an l am ill j u c ipacity aio used hut with the 
spark given 1 j the Spottisw node e oil and pi ite c melenser thej ippeai 
as weak lines The} m not like the mend ers of (ti oups II and 111, 
seen m the speeti um fi mi tin hull) whm a a icuum tulje is used but m 
that given by tho cipilluy tho stiongest ones are aery prominent and 
aie in intensity with the lines if turnip III 
None tf them appi u in stellir spectra until tho lea el • f temperature 
upresented 1 j y Onnis and in tlio spoctium of tint stir rnly the 
stiongest of the thiee is with ee ituntj piosent At the t Ononis stage 
howeaet the v have dtail ]< 1 mil me islj in intinsity and no amongst 
the mist ptoinin 11 hms m thi spi tmm 

Ihe identity of si me f the silici un lmes in paiticul ai those consti 
tilting Group III—with lints in stellu speeti a was subsequently but 
independent!) coiifitmed and the lesiilts published* ly Mr I unt 
Assist ant at the la, al Obsu a at >t j (i[ie f Gwl Hope 

Tho star the spcetium ef aalnth he hieflj eonsilcteel was fi (mils 
sinulai to that oi y On mis the type stu ill the Kensingten clossih 
e ation 

1 ho only enh anee 1 line e mime n to the kensingt >n and 1 xni r and 
llaschoks lists whi h el es n t ipjicir t be ropies ntol m stellar 
apectia is that at A 4010 0 It is tidy a aae ek line in tho spark 
speeti nm and maypossilla le eliu to an impunty the ugh it has not 
jet boon traced t) anyothei ougiti In the kensington photograph 
it is a sharply dohneel line anil unlike the other sihcmtn lines in 
appearance L\ner and llasehek hewevei ic oiel it as a a oi y diffuse 
lino 

Of the four additional lines given by Fxnoi and H as hek at AA. 3883 46, 
4021 0 41017 and 4764 20 none appear in inj of the kensmgton 
photographs nor aie thej iopiesenteel in the spectra of any of the stars 
included m the discussu n With these facts in view it would appeal 
extremely doubtful whether they are really due to silicium 
In a former paper On the Chemicd Classification of tho Stars, 11 
gavo tho chemi al dcfuution of the various groips At that time only 
the stronger lines of siluinm includoel in Group II weie known and 
traced thiough the stellu genera 

We are now in a position to l evise the che nuc al definitions lutorpola 
ting the various groups of silicium lines as they appear in the stellar 
groups 


• A trophvi Jour eol 11 p 2fl2 
t Rot Soe Pio v 1 6> p INb 
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Diumtions of Steh.ar Gh\ruA 

Jr/ ohm» 

Piedommt if —Hydrogen and pioto hydrogen 

Fainter —Helium, unknown gai (A -Mil, tt57) proto magnesium, p-oto 
call mm asUnum 

Ha famtaa 

Pi (dominant Hydrogen hilmm unknown ga» (4810 2), ulicium (TV) 

Faintri — 4*tnrinni, ailicium (III) proto hydrogen, proto magnemuni pioto 
calcium, oxygin nitrogen cuiboil, »ilnmm (II) 


Ackerman 


Predominant Hydrogen helium, | Same a* Crucian, 
aitertuni, oxig n nitrogen carbon 
Fatatei 1’ioto in tgnctiuin, prito 
calcium ulicium (111), unknown gn» I 
(A 4040 2) -ill. mm (II) yiliemm (U ) 


Pi (dominant Hydiogen, lie 
hum proto n agnoiuuni aatcuuiu 
Faintri Pioto < ilillim, Kill 
(mm (II) proto non pioto titn 
mum pioto chromium nitrogen 
carbon oxygon 


A! johan 

Piedommanf Hydiogen pioto 
niagnoiuin pioto c alciinn, lit hum, 
mliciuni (ll) 

faintri — Proto iron, aatcriuiu, 
caihon pioto titanium, proto man- 
gancice, proto nickel 


Hi i)i ha i 


Vaikabian 


Piedomi iaat —IIydiogen,nroto 
calcium pioto mugnirium, helium 
tihcium (11) 

faintei — Vatcnuni, pr to iron ' 
eaibon, mtcogen proto titanium i 
pr it > chromium oxygen eilinuui 

(in) ! 

(gqnian ! 


Pii tommanl — lfidiogen, proto 
calcium proto magnesium ult 
Hum (II) 

Fainter —1*1010 iron, helium 
net mum proto titanium, proto- 
monganeice pioto nickel proto 
chromium 


Pudominanf —Hydrogen, proto 
calcium proto nngnmum, proto 
iron ulicium (II), proto titanium 
proto chromium 

Fainter —Proto nickel Kill lum 
(1), proto vanadium, proto inanga 
new, proto etiontium, iron (an) 
helium <uhcium (III), aiterium 


Predominant —Hydiogen, proto 
calcium, proto magncuum, proto- 
iron, ulicium (II) 
fainter —The linea of the other 
proto metal* and the aro line* of 
iron, calcium, tnanganew, ailicium 

(I) 


line* relatively thin, hydrogen relateTely thick. 
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rolana* 

Predote leant — l*i«lo calcium 
proto titanium lijdrogcn, proto 
rragmmum proto non, uml arc 
lino* ot (ataum, lion umn^amgc 
iiliuuin (T) 

Faintri —Till ollitrpi do nu tala 
and met nil occurring m tin Sumii 

Aldtbanau 


Pioryontan 
Same a* 1'olaiutn 


lu fit) tan 


Predominant —l’roto rail nun, an S mi is Aldibarton 
linen of iron c ill mm, man pirn •( pi it i 
•trontium, hvdr gill ai'u 11 m (1) 

Famter —l’roto non unit jrototita 


J 


Ant ana n 1‘ueian 

Pitdommant —Fluting! of inntgn Pit loMtnanf —Muting* of carbon 
ne * e htntir tn linen of metaln tie 

Painter — tre lints of nutillic ill mints 
menti 


It will Ikj siut thit tho conclusions aimed it in tht foimet put of 
the pnpci as tothi dilleunt condition* undo! which the diftucntgioups 
of silumnt luus he come pionnnont icnf) the oidoi in whuh tht stais 
wore plnccd on i *-t do of ascending temper iturcB 11ms those btaib in 
which roup I occurs pioraincntlj no it tho liottom, those in which 
Groups II indlllpiodominHto occupy inteimediate positions, and those 
in which the lines of Group I\ hio i sptud feat me ippcar high up in 
the classification 

The photographs of the win mm spectnwero taken by Mi Butler 
Their discussion has dc\ol\ed upon Mr Bix inclall, who h is also traud 
tho silicium lines thiongh the stcllir sjiectra, and issisted in tho 
preparation of the p ipor 


‘ On Solar (liangos ot Tempeiatiue and Vaunt ions in Rainfall in 
the Region Biinouuding the Indian Oe< an By Sn Norman 
Lwmkr, KCB.FRS.andW T S Lor r\ui, M A ((aml>) 
PhD (Gott) Recencd Octolar 26 ,—Rtail Noxember 22, 
1900 

The fact that the abnormal Iwhaiiour of the widened linos in tho 
spectra of sunspots since 1894 had lieen accompanied by irreg uanties 
m tho rainfall of India suggested the study and correlation of \ arious 
eenoa of facts which might Ixs expected to throw light upen tho 
subject. 
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The conclusions already arrived at fropi bringing togothor the results 
of seveial investigations imdeitaken with this view may lw stated aa 
follows — 

(1 ) It has been found, from a discussion of the chemical origin of 
lines most widened in sunspots at maxima and minima periods, that 
there is a consuls! able use id sue the mean temperature of the sun 
arotuul the years of sunspot maximum and a considerable fall aiounil 
the years of sunspot minimum. 

(2 ) It has lieen found, from tho actual facts of rainfall m India 
(during tho S.W. monsoon) and Mauritius, between the yeais 1877 and 
1886,* as given by Blantonl and Mcldnim, that the effects of these solar 
changes are felt in India at sunspot maximum, and in Mauritius at 
sunspot minimum. Of these the greater is that produced in tho 
Mauritius at sunspot minimum. The pulse at Mauritius at sunspot 
minimum is also felt in India, and gives nso generally to a secondary 
maximum in India 

India, therefore, has two pulses of rainfall, one near the maximum 
and the other near tho minimum of the sunspot period 

(3.) It has been found that the dates of the beginning of those two 
pulses on the Indiun and Maun tins rainfall are related to the sudden 
icirmrk.dilo changes in tho liehavnmi of tho widened lines. 

(I.) It has Imsoii found, from n study of tho Famine Commission 
leports, that all the famines theiein recorded which ha\ c devastated 
India during tho last half-century (we have not yet earned tho investi¬ 
gation further back) have oecuned in the intervals lietwoon those two 
pulses. 

(5 ) It has lieen found, from the investigation of the changes in (1) 
the widened lines, (2) the rainfall of India, and (3) of the Mauritius 
during and after the lost maximum in 1893, tlyit important variations 
from those exhibited diuing and after the last maximum of 1883 
occurred in all throe. 

It may he stated at tho same time that tho minimum of 1888-1889 
resembled tho preceding minimum of 1878-1879. 

(6.) It has been found, fiom an investigation of tho Nile curves 
lietwecn tho years 1849 and 1878, that all the lowest Niles recorded 
have occurred between the samo intervals 

(7.) The relation of the intervals in question to the droughts of 
Australia and of Cape Colony, and to the variations in the rainfall of 
extra tropical regions generally, has not yet been investigated. We 
have found, however, a general agreement between the intervals and 
the rainfall of Scotland (Buchan), and have traced both pulses in the 
rainfalls of Cdrdoba (Davis) and the Cape of Good nope. 

• This period ww eeleoted became tho Kensington observation* of widened linee 
only began m 1879, and the oollceted rainfall of India hne only been pnblwbed to 
1886 . 
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(8 ) We have had the opportunity of showing those results to the 
Meteorological lteportci to the Government of India and Director 
General of Indian Observ atones, John idiot lsq,GIt,FRS, who 
is now in England and he allows uh to stete Ins opinion thit the} 
a(cord closely with all the known ficts of the luge ibnormal features 
of the temporatuie pressure ind rainfall m Indn during the last 
twenty five years, ind heme thit the inductions ilready arrived at will 
lie of great suvice in foiec wting futme droughts in Indn 

Vddendum Rm ived Nmcmliei 10 1000 

Since Mcldmra and out rf us <allid ittcntion in 1872, to i possible 
connection lietweon sunspots ind iniufdl there has l>een a luge litera 
tine upon the subject whuh it w not necessir} for us to analyse , it 
nut be simplj sfitcd that m spits of the < ogent ev idem e advanced 
Rince chit fly bv Meldiuni and in liter jius 1>> Alt Hutchins'* it u> 
not \ct geneiallj icuptcd tint i rise foi the connection his lieen 
m wlo out 

A\ h it has hoc n looked for hu> lx.cn i chinge it m i annum sunspots 
only the ides Ixing th it there might Ik an eflt tive (h mgt of solai 
temperature uthei in excess or defeet it such tains, and that there 
would Ini i gradual and continuous vinntion fiom maximum to 
maxinumi 

At the sime timt it is possible thit tho pi ess lie connection first 
advmeed b\ Chimlius is now accepted by mctcotulogibfa, is a result 
of the recent work of Lliot 

Iho coincidence during the 1 wt few ycai s of an ahnoi mal st lie of 
tho sun with abnormal run in Indn, tccomp uned by the woist famine 
expeticnced during tho coiituij suggested to ns the desiribility of 
icconsidonng the question, cspeci illy as we haic now some now factors 
it our disposal 1 hose have been rove lied bj the study, now extend 
mg over twenty jeais, of tho widened lines in sunspots, which sng 
gested tho view tint two effects ought to be expected in a sunspot 
cycle instead of one 

Ike TJ i hn«l ltnei 

It will lie gathered fiom previous communications to the luiyal 
Society f that, on throw mg tho un igo of a Rimspot on the slit of a 
spectroscope it is found that the spcctnuu of a spot so examined indi 
cates that the blackness of the spot is due not only to general but to 
•elective alworption.f and that the lines widened by tho selective 
absorption vary fiom time to time 
• * Cycles of Dronglit sad Good Bessons m South Afnei ’ 1889 
f ‘Boy Soc Proo,* rol 40 p 817, 1886 to! If p 37,1887, vol 46 p 3« 
1880, vol 67 p 190,1891 
t ‘Roy Soc Proo Lockyer October 11, 1866 
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Since the yoar 1879, the srlrctirr absorption in spots has been ob¬ 
served for every spot that was large enough to be spectroscopically 
examined, tho method adopted being as follows — 

The regions of the spoctnim investigated lie ltetwoon F - b and b D, 
and an observation consists in observing the six most widened lines in 
each of those regions. These lines are then identified on the best solar 
spectium maps available and their wave-longths determined. 

An examination of mnny years’ records of those widened lines has 
shown that at some peiiods they me easily tracouble to known elements, 
while at others their origins have not been discovered, so the latter 
have been classed as “ unknown ” lines If wo compere these two 
periods with the sunspot curve as constructed from tho measurement*, 
of tho mean spotted aiea for each year, it is found that when the 
spotted area is greatost the widened lines lielong to the “ unknovv n ” 
class, while when the spotted area is least they belong to the “ known ” 
class 

The majoiity of the lines tiaccd to some tcrrcstiial origin belong to 
iron, but tho lines of other elements, such as titanium, nickel, vanadium, 
scandium, manganeso, chromium, cobalt, Ac, are also represented m a 
less degree. 

It is quite likely that some of the “ unknown ” linos are higher 
temperature (enhanced) linos of known chemical elemonts 

In our luhoratoues wo have moans of diffeiontiatmg between three 
atagos of tenipcratine, namely, the temperature of tho flame, the 
electric aic, and the cloctric spnh of the highebt tension. At the 
lowost temperatui e, that of tho flame, w o get a cerium set of lines; a 
now set is seen as tho tomporatuic of the elocttic arc is icached. At 
the tcmpoiature of the high tension spvrk wo again have many new 
lines, called enhanced lines, added, while many of the arc lines wane in 
intensity. 

It is found that at sunspot minimum, when the “ known ’’ lines arc 
most numoious, tho lines are almost invariably those seen most promi¬ 
nent in the arc. Passing from the sunspot minimum towards the 
maximum tho “ unknown ” lines gradually obtain the predominance 
As said before, they may be possibly “ enhanced lines ”—that is, lines 
indicating tho action of a much higher temperature on knmrn sub¬ 
stances. 

Unfortunately tho records of enhanced linos at South Kensington, 
having beon obtained from photographs, aro chiofly confinod to a region 
of the spectrum not covered by tho visual observations of widenod 
lines in sunspot spectra. 

We can only point to tho evidence acquired in the case of one metal 
—iron, for which photographs of the enhanced lines, in the green and 
yellow parts of the spectrum, have been obtained. 

This evidence quite justifies the abovo suggestion, for the enhanced 



Solm Changes of Tempialttt an l Vattatwns in Rainfall 411 

linos of iron can be seen lovcahng themselves os the number of un 
known lines increases 

We are therefore quite justified in assuming n vory gre it mere we 
of temperature at the sunspot m iximum whon the ‘ unknow n lines 
appear alone 

The cun es of the kn iw n ui 1 unknown Inn s hai o been ol 
tamed by eletermimng f >i each qnaiter of a year the jicrccntagc 
number of known and unknown lines uid plotting these percentages 
is ordinates and the time elements is absciss 1 ? Insteulof using the 
mean eunes for all the known elements imrhed that for iron is cm 
ployed is it is igoxl tip csent itm of known elements an 1 has 
lxjtn liest studied When such eunes hi\o Iieen diawn they cioss 
<a h other it points wlieic tho peicentage of unknown lines w 
inertismg ind thit of the non oi known linos are diminishing ci 
tift tern 

Wo seem therefore to le 1 might into the presence ef three well 
maikcd stages < f sol ir ternpei iture 

W hen tho eunes of kn wn m 1 unknawn lines toss eicli otlui thit 
is when the number of kn aw n in l unknow u hues is al c ut cqu il w i 
must assume a mean c audit! in of sclir tcmpnatuie When the un 
known lines icaeli then niiYimumwc hue indiritol t us a a pulse 
ir conditi >n of t< mpei vtiuc W hen the 11 own lines inch then mm 
mum we hive i pulse oi c n btion ef tetnpci ituic 

1 ho e ubest dwcussini showc l tint genei illy sptikmg the un 
known linos cuivo v med dncetly ml the non lines curve varied 
inversely with the spot atei ciuvc Iheeiuves now oltunel for the 
whole ponocl of twenty ye irs not only entirely eneloiso this eonelusion 
but enable more minute comp it is ana to be drawn 

lht widened line eunes aie quite different from those furmsheel 
by the sunspots Ascents and descents aie both equilly sh irp ch mges 
aro sulden mil tho curves ato relatively flit it top md Ixittom The 
ero88Uigs aie simply marked 

During the pciiod smeo 1879 thieo such crossings have rccuneel, in 
dicatmg tho pn sen c of me in se hi temper ituro ronditions m tho 
years 1881 1886 7 * an 1 1S92 Itw w expected thit nnothir crossing 
with the known lines on the riso would have oteurrel in 1897 mdi 
eating thereby the airival ef mother mem condition of solar tempera 
ture but as j et no such nossiug has tiken pla e 
Hie following til uhr stitenient shows the jeirs of those crossings, 
together with tho piobiblc dates in buckets of tho two previous 
crossings ns detenmned by the time of occurrence of the picccdmg 
sun-spot maximum 

• Aocorhng to the olwervatioi < (be mm wa lev lud in De ember 1886 or 
January 1887 
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Rue of \ raw j 

Unknown lint. I (1801) I 1881 I 1892 I 
Kn w» lima (187b) | 188b 7 * 


( mi m in of '>olnr and Jen ritual If t ithei 

It his long been known tbit a cycle of holm wcathoi begins in 
ibout lit 52 N and S and in a period of cloion years ends in ibout 
1 il 5 N and S 

.fust b foie oni ejelo ends another commences Tho gieitest 
imount of spotted hi iface occuis when the solai wt ithei chingcs jno 
duud in the c>clc ic i h ibontht 10 \ ind S 

It becomes, thciefon of tho first iropoitinee to conclite tho times 
of mem solai tcmpci ituie uul of tho + ind he it pulses, with tin 
soldi weathei cycle in oidu to mite at the terapot ituie histoiy of the 
sun dining the pencil which now eomeins ns This miy lie done is 
follows 


Solir 

tydoi 

I»t of | | 

*pot« | 19 | 

12 | 18° 

10 

10° 

H<st 

oondition mtani + 

mean! — mean 

+ m an - 

mean 

1892 


1870 1877-80 1881 

1882 01886 71888-91 

1891 2 


Cimneition of Hit Spot* unth Prominences 

In 1809, when a sunspot maximum was approaching, the piomi 
nonces were classified by one of us into eruptive and nebulous, tho 
former showing many metallic lines, the latter the hydrogen and 
helium lines chiefly This conclusion, which was published in 1870, 
was subsequently confirmed and adopted by feeochi, Zollner, Sporei, 
Young, and Respighi 

In the same year prominences on the sun s disc were also observed 
by one of us by moans of the C and F lines * 

The erupti>e prominences, unlike the nebulous ones, were not 
observed m all hohographic latitudes, but, according to the extended 
observations of Tacchim and Ricco, had their maxima in the same 
• Boy Soc Proo, rol 17, p 415 
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latitude os the spots. This is especially well shown by the diagrams 
illustrating the distiihution of spots, famin', oruptions, and protube¬ 
rances which are given by Tacchim for 1881 1887 in the ‘ Memone 

della Hoc degli Spettrosaipisti Italiam,’ 1882 - 1888. These curves 
show in the moet unmistakable manner that the spots, faculm, and 
eruptive or motalln prominences have their maximum frequency in 
the same sol.u l.ititudes while the nebulous or quiet prominences ace 
more uniformly distributed, .uni even have maxima in zones whcie 
spots are rarely olrservcd This is corroborated by w'hat Professor 
Kespighi many years ago stated 

“In correspondence with the maximum of spots, not only does the 
numlKT of llio Luge piotulieiam.es increase, but more than this—their 
distribution over the solar siiifme is radically modified.” 

In his observations, Piotessoi Young found that tho II and K lures 
of calcium were reversed in the chromosphere .vs constantly as A or C, 
and the same lines “ were also found to Ire lcgulatly lever si d upon the 
laxly of the mui itself, in tho penumlna and immediate neighbour hood 
of every mipoitaut spot.”* This result was confirmed by the eaily 
(1881) attempts of one of uh to photograph the spectra of the chromo¬ 
sphere and spots, and also by eclipse photographs. In the photographic 
spectrum, tho II and K lines are by fat the hi rghtest of tho chromo¬ 
spheric lines, and this fart has been utilised by Hale and Doslandros, 
acting on a suggestion duo to Janssen, foi the puipose of photo¬ 
graphing at one exposme the iluomosphcio ami prominences, as well 
as tho disc of the siui itself, in tho light of tho K lute. 

These pliotogiuphs thus give us in K light the phenomena which one 
of us first observer! by the lines C and F of hydrogen, and thereby 
present a leeoid of tho prominences act om the wholo disc of tho sun 
as well as at the limb 

In such photographs near sunspot maximum, the concentration of 
the piominences in zones parallel to the equator is peifoctly obvious ut 
a glance. Eruptiv e or metallic prominences are thus soen to cover a 
much larger ut eu than the spots, so that we have the maximum of solar 
activity indicated, not only by tho incioased alworption phenomena 
indicated by tho greater number of the spots, hut by the much greater 
radiation phenomena of tho metallic prdminonces, and there seems 
little doubt that in tho futuie the measuio of the change in the umount 
of solar energy will ho determined by the amount and locus of the 
prominence area. 

Spots are, therefore, indications of excess of heat, and not of its 
defect, as was suggested when the term “ screen ” was used for them. 
We know now that the spots at maximum are really full of highly 
heated vapours produced by the prominences, which are most numerous 
when the solar atmosphere is most disturbed. 

■ 1 Catalogue of Bright Line* in Ibo Spectrum of the Ch'omo'phere,’ 1878. 
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The Indian meteorologists have abundantly proved that the in¬ 
creased radiation from the sun on the upper air currents at maximum 
is accompanied by a lower temperature in the lowor strata, and that 
with this disturbance of the normal temperaturo wo must expect 
pressure changes. Chambers was the first to show that large spotted 
aroa was accompanied by low piessuies os or the hind suiface of 
India.* 

Passing, then, from the ronsideiation of individual spots to the zones 
of prominences, with which they are ill all ptoliability associated, it is 
of the highest intcicst to note the solar latitudes occupied when tho 
crossings previously 1 eferred to took place, as we then learn the lxdts 
of p'-omiuenees which are really effective in producing the increased 
riuhation. The area of those is much larger, and therefore a consider¬ 
able ditforonce of radiation must be expected 

Tho gieater disturbance of eeitain zones of solar latitude seems to 
l»o more influential in reusing tho + pulso than the amount of 
spotted aioa detei mined fiom spots in vaiious latitudes. 

It is all tho more necessary to point this out because the insignificance 
of the area occupied by the spotR has been used as an argument against 
any easily recognised connection lietwccn solar and terrestrial meteoro¬ 
logical changes.! 

Assuming two belts of prominences N. and 8. 10" wide, with their 
lentrcsovcr lat 10 , the sixth of tho sun’s visible hemisphere would lie 
m a state of disturbance. 

lndmn llamfnll. SM\ Monsoon, 1877-1886. 

It will lie clear fi om what has lieen stated that our object in studying 
luinfall was to endeavour to asceitain if tho + and - temperature 
pulses in tho sun wore echoed by + and - pulses of rainfall. Tho 
Indian rainfall was taken first, not only because in tho tropics we may 
expect the phenomena to lie tho simplest, but because tho regularity of 
the Indian rams had broken down precisely when tho widened line 
oliscrv ations showed a most remarkable departure from the normal 

It wus also important for ns to deal with tho individual observations 
hb far as possible, liecanse it was of the essence of tho inquiry to trace 
tho individual pidses if they were found. Henco the M.VV. monsoon 
was in the first instance, considered by itself, because although Eliot 
holds that the winter nuns (N.E. monsoon) are duo to moisture brought 

* ‘ Abnormal Variation*,’ p. 1 

t “ So far a* cau be judged from the magnitude of the sunspot*, the cjcllcal 
umt’on of tho magnitude ot the tun’* faoe free from *pot* u very imall compared 
with the surface it»elf i and consequently, scoording to mathematic principle, the 
effect on the elements of meteorological observation for tho whole earth ought 
also to be small 11 (Shot, 1 Beport on the Meteorology of India in 1877,’ p. 2). 
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by mi uppei H.W*. ouirunt,* their incidence is vory different and their 
inclusion might mask the events it was most mipoitant to study. 

The first investigation uudui taken w.is tho studv of the rainfall 
tables published by the Meteorological Department of tho Government 
of India. These wete bnmght together by Hlanfonl down to the 
veal 1H8G.+ As tho widened line oliseivatums were not bogun at 
Kensington till 1879, tho discussion was limited m the first instance to 
the peri<xl 1877 1886 inclusive, rmhtaung tho following changes in 
solar temperature, ocelli ling, as will be seen, liotween two conditions of 
mean solar tenipeiature — 

Mean — puluc. Mean + pulse. Wean. 


1H7« 1877 1880 | 1881 1882--188(5 1880- 1887 


Bearing in mind that tlie intensity of the + pulse may in some 
measure lie determined by the solar disturliaucus, which foi the present 
are registeied by spotted aiea, it is important to point out that the 
preceding maximum in 1870 was tcmaikablo for obvious indications of 
great solar activity.} 

It soon iK'iame evident that in many p u ts ot India the + and - 
conditions of solar temperature weie accompanied by + tuid - pulses 
producing pressure changes and heavy lams m the Indian Ocean and 
the surrounding land These occurred geneially in tho first year 
following the mean condition, that is in 1877-8 and 1882 3, dates 
approximating to, but follow oil by, the minimum and maximum periods 
of sun-spots 

• ‘ Bepurf,’ 1877, p. 120. 

f ‘Indian Motcorological Mouioim,’ vol. 3, 

t “The year 1870 tm characterised by an exuberance of tolir energy, winch ii* 
without parallel since the beginning ot systematic observations (i.r., since 1825). 
The number of observed groups far exceeds that of any previous jear, and it 
appears also from a cursory comparison with the maximum year’s observations, as 
recorded by Hofrath Schwabe, that the magnitude of the different groups, as well 
as the average amount of spotted surfaco during any period ot the year, is 
unprecedented.” (‘ Monthly Notices,’ vol. 81, p 79, Warren do la Hue, II, Stewart, 
B. Loewy.) 

The table whioli the authors of this paper give show* that during tho year, 
although observation! of the aun were made on 218 daya ont of the 864, there waa 
no day without spot* recorded. In fact, dunng tho whole year no less than 408 
new group# of spot* were noted, thua showing us that on the aTerage there waa 
more than one new group per diem. 

The author* further remark. “A very remarkable feature of the group* 
observed during the year appears to be their extraordinary lifetime ... an 
exceedingly large number of group* completed three, four, and even more revolu¬ 
tions before Anally collapsing,” 

VOL. LXVII. 2 H 
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Meldrum, as far )»ack as 1881,* inferred to “ the extreme oscillations 
of weather changes in diffeient places, at the turning points of the 
curves representing the increase and decrease of solar activity ” 

It was especially in legions, such as Malabar and the Konk.m where 
the monsoon strikes the west coast of Tndia, that the sharpnoss and 
individuality of these pulses was the most obvious 

One method of study employed has depended upon Chamliers’s viewt 
that tho S.W. monsoon depends upon the oscillations of the equatorial 
licit of low pressure up to 31” N lat. at the summer solstice The 
months of lain iccoipt on the upward and downward swing will 
therefore depend on the latitude, and those months alone have liecu 
< onsulered. 

We liegan by taking elevated stations in high and low r latitudes 


Leh 

Ut 31’ N 
11,500 feet 
Muireo 
Lat 33’ N. 
6,344 feet 
New era 
Eliya 
Lat 7’ N. 
0,150 feet 


The 1881 pulse (in duly) was the heaviest l ecor (led (1'77 
indies) save one in 1882, tho rainfall was nearly as 
high. 

Tho pulse felt in 1878 was the highest of all. 

{ Tho 1881 pulse (August) is high, but is followed by a 
higher next year. 

The 1878 pulse (August) is highest of all. 

} Taking tho fall in July and August. The 1881 pulse 
occurs m 1882, and is highest. Next comes the 
pulse in 1878. 


It must also be stated that if wo take the sun-spot maximum, 
including the period we have chiefly discussed (1877 1880), as normal, 
it is found that thoro ure variations in rainfall accompanying the 
preceding and succeeding maxima of 1870 and 1893. This varia¬ 
tion indicates the existence of a higher law, but there has not been 
time to discuss them thoroughly enough to justify any definite 
statements altout them. 


The llnivfnll of “ Jllwle Imlta” 

Tho next step was to work on a longer base, and for this purpose 
Eliot’s whole India table of rainfall, 1875-1890,1 embracing both the 
8.W. and N.K monsoons, being at our disposal, was studied. 

It was anticipated that such a table, built up of means observ ed over 
such a largo area and during lioth monsoons, would more or less 
conceal the moaning of the separate pulses observed in separate 

• “ On the Relation* of Weather to Mortality, and on the Climatic Effect of 
ForeeW 

f 1 Indian Meteorological Memoir*/ toI. 4, Fart Y, p. 271. 

j • Nature/ rol. 66, p. 110. 
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localities; this we found to l>e the case. But, nevertheless, the tahlo 
helped us greatly, localise it included the summation of results nine 
years later than those included in Blanford’s m.utterly memoir. 
Prodominant pulses wore found in 1889 and 1893, following those 
of 1877-8 and 1882 3 So that it enabled us to follow the woiking 
of the same law through another sun-spot cycle, the law, that is, of 
the mean solar temperature lining followed by a pulse of rainfall. 

Moon ■•uii Ram pulse. 

1876 1878 

1881 f1882 

1886 7 1889 

1892 +1893 

The main teatuic of this table is the pi oof of a tiemcndous oxcess 
of rainfall m 1893 by fat the greatest exeys of all (peicentage 
variation, + 22) This w.is fai gtculci than the excess m 1882. 

Tho next leinaihahle excess occuis in 1878 (pettentago sanation, 
+ IS). 

Tho pulses m the penod stand as follows 


- Min 1878 

Pt reontage 
\ annt mn 

+ 13 

Kent 

jitilw 

Ycmis after 

! — Max. 1882 

+ 6 

4 — Ycmis after 

rise of 
non 

— L-Min. 1889 

+ 6 

use of 

linos. 

^ —Max. 1893 

+ 22 

unknown 
+ - lines. 



The variations in the intensities of the pulses of ram at tho successive 
maxima and minima are very leinarkablo, and suggest tho working of 
a higher law, of which wo have other evidence. But, putting this aside 
for the piescnt, it should Ixj pointed out that even normally we should 
not expect tho same values for the rainfalls in 1882 and 1893,1localise 
the amount of spotted area was so different, 1160-millionths of the 
solar surfaco being covered with spots in 1883, and 1430 in 1893. 

Tho very considerable variation in tho quantity of snowfall on the 
Himalayas has often boon pointed out by the Indian meteorologists. 
Wo have, thorofore, used tho “whole India” curve between 187ft and 
1896, to see whether the sun pulses, which we have found to bo liouiid 
up with the Indian rainfull, are in any way related to the snowfall as 
might bo expected. 

The HimiUayan snowfall beyond all question follows tho same law 
as the rain, the value occurring at tho + and - pulses, as under, being 
among the highest: - * 

» • I.M \rvot. 3, p 236. 

2 H 2 
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Tnohe*. 

|-1867-8. . 134 

— +1871-2 ... no 

- 1877 8 207 

+ 1882 3 81 

From those tallies it follows that both m tainfall and snow tho 
quantity is im.rc.iscd in the veins of the use lxilh of the unknown and 
iron lines. 


Oth, i II,mi full >. 

Being in presence of pulses of laiufall in India during the south-west 
monsoon, toriesponding with pulses of solar change, it Wame necessary 
to attempt to study their origins. Wo may add that other pulses weio 
traced, especially one in 1875, but the simplest problom was considered 
alone m the lint instance. 

The tiutifulls at tho Mauiitms, Cape Town, and Batavin, wore 
collated to see if tho pulses felt in India were traceable in other 
regions surrounding tho Indian Ocean to the Booth and east. 

The MutnthH* limn full. 

Tho rainfall of Mauritius has been obtained by utilising tho results 
that have l>een published in the Blue Books* issued by the Koyal 
Alfred Observatory since the year 1885 Tho volume for 1886 gives 
the yearly total rainfall for every station that was then in use from 
1861 up to the year 1885, and theso values have been employed; since 
then, tho yearly values have liecn obtained direct from each of the 
yoarly volumes subsequently published, i.e., to the end of the year 
1898. 

It was at first thought that the total Mauritius rainfall could lie 
fairly obtained by employing for the period lietween 1861 and 1886 
the means of several stations as given by Meldrum,t and continuing 
the values from the observations published in the more rocent yearly 
volumes. 

It was found, however, that from 1861-1880 the rainfall was 
obtained from tho observations of four stations, while from 1871— 
1886, the observations from eight stations were employed. 

As a study of all the published data showed that more stations 

* “ Mauntiai Meteorological Result!.” 

+ 1861-1880. 'Relation* of Weather to Mortality, 4c.,’ 1881, p. 36. 1871- 
1886. 'Aturasl Report of Ihs Director of the Royal Alfred Observatory for 
1886/ p. 18. 
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might be utilised m detcmiimng the total rainfall of Mauritius, it was 
decided to discuss all tho ohaor\ationa afresh, and make use of as 
many as possible. 

To this end tho records of twenty-eight stations, situated m six 
different districts, wore chosen, and the total rainfall for each year 
obtained It is only natuial that the nunilier of rain gauge stations in 
tho early }oar of 1860 was not so numerous as that of more recent 
years, the facts may 1 k» stated as follows • 


1861 

1802 

1860 

1804 

1865 

1860 

1867 

1868 
1860 

1870 

1871 

1872 
1878 
1874 
1870 

1876 

1877 

1878 

1879 


Maui yearly Number 

1 rtinlall ot 

\iiruvtion from station* 

mums). lined. 


Inches. 
+ 26 6 
-10-2 
+ 96 
-18 8 
+ 22-6 
-18 2 
- 6 6 
+ 27 1 

- 3 3 

- 3 6 
-IS 9 

- 7 0 
+ 10 3 
+ 17 4 
+ 30 

- 0-6 
+ 81 -4 
- 8-8 
- 5-2 


1880 

1881 

1882 

1883 

1884 

1885 

1886 
1887 


1892 

1893 

1894 

1895 

1896 

1897 
189S 


Mean yearly Number 

uinitaU of , 

variation from statibns 


-19 3 

- 7‘3 
+ 16 6 
t 1H 

-12 4 

- 0-8 

- 35 M 

- 4 2 
t22 3 
+ 18-1 


• 1-4 


+ 10'0 
+ 17-6 
-19 6 
- 81 


With regard to the general rainfall of Mauritius throughout the 
year, it may he stated that on tho a\erago the most rainy months 
are from Decemlwr to April, both months inclusive. 

The months of Noveralier and May are those in which tho daily 
rainfall is increasing and diminishing respectively. Sometimes in 
July or August there is a slight tendency for a small increase. 


The Mauritius Rainfall I'm re fn tin period 1877 188C. 

In plotting the Mauritius rainfall curvo for tho period 1877-1886, 
it was observed that .the curve is of a fairly regular nature, showing 
alternately an excess and deficiency of rainfall. 

The highest and lowest points of the curve will be gathered from the 
following table 
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Your 


1877 

1880 

1882 

188(1 


Maximum 


81-4 
18 8 


■Deficiency 


19 3 


36 3 


Comparing tho timos of ncturiencu of the two pulses of rainfall at 
Mauritius with the times of tho crossings of the known and unknown 
linos, it is found that tho Mauritius maximum rainfall of 1877 occurs 
about a your after the use of tho known linos in 1876. The next 
Mauritius pulse of rainfall m 1882 follows the succeeding crossing, 
when tho unknown lines are going up, also aliout a year later. 


i'ouqm lion of the Mnuntim llmnfitll with tlu>\e of Leh, Murxr mul 
Newtru Jihifit f» Uu jwvkI 1877 1886. 

Thu moat prominent feature of the Mauritius rainfall for this penod 
was the great excess m the years 1877 and 1882 

Both of these pulses have coiresponding maxima in tho curves for 
the rainfalls of Leh, Murreo and Newera Eliya,tlie ilates of theso m all 
three eases lieing 1878 and 1882. 

Tho delay of about a year in tho effect of the Mauritius pulse being 
felt in Ceylon and India, is exactly what would lie expected if tho 
rain at siui-sjsit minimum comes from the south, as has been surmised. 

The fact that the pulses at Mauritius, Ceylon, and India m 1882 
occur simultaneously, is very strong evidence in favour of an origin in 
the equatorial region itself for the Indian ram at sun-spot maximiun. 
The pulse at maximum in the Indian south-west monsoon may depend 
to a largo extent upon the action of tho excess of solar heat on the 
equatorial waters to the south of India, and not on an abnormal effect 
on the south-east trade. 

We have found that thore was a dofect of the usual rainfall at 
Mauritius in 1892-93, and yet tho rain supply in India was in excess. 


Kkrui.t ok tiif. Compauihox ok Kaixfam. 

The + and - Piilm. 

It seems quite certain that we are justified in associating theJ1878 
pulse of rainfall during the south-west monsoon in India with the rain¬ 
fall oommon to Mauritius, Batavia, and the Cape at that date; that in 
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all cases the rain has been issociatcd with some speci d condition con 
nected with the south c wt tr ulo in the Indi m Ocoun 

The rainfall of ( rdob i suggosts that the s uno ti nlo wind in tho 
Atl mtic Ou in ww similarly iffectod it the simo time 

lh I llf if th J lie 

Air Ihot long igu conjutiucl thitthe rnnfill >i India was pr 
frtindl} niodihcl 1} exents tthin^, pine firm lime to time in the 
Southern 0 em In Ins Yniiiiil S miniuy f i 189b hi mote u> 
fi Hows 

It has nppuently been estil lishi l in tho discussion thit the \ tin 
tinih of the i unfill m lndn diuing the pist six \i irs no paiallcl 
with ind m | lit it kist duo to villations in tin giadients, md the 
stiength rf the «iii Is m tho si nth cist tiade ic^i >ns of tho Indian 
Oeian 1 hi discussion Ins liidmtcd thit time ue \ iiutious from 
> oar to ji u in the stnngth of the itmosphi u cirudition obtunin,, 
iner the luge utiof Southirn Asia md the Indiiu Occm md tint 
these lamticma ut an impoitant md large futoi in determining tho 
periodic v in itious m the t unfill of the wh It uei dependent on that 
cn dilation md moio i speci illy in lndn It Ins ilso been indicate L 
tint these \ illations which ictomjianv ml an piobably tho result in 
pait of almoinial temperatuie (m l hence ptessuie) coiuhtions in tho 
Indian Ocem and Indian monsocn arei mav h in part due to conili 
tions in the Yntiretic Ocean which dm dctnmn e tho compatativo 
piosalence oi alisenic of icolitrgs in the northern poiti ns of tin* 
Yntuctic Occ m 

Y\o hue Itegtui an invostigition into the piessiue chinges which 
liave lieen iccoided in this region 1 ut it will lie some timi before it is 
finished Ihe ilea underlying the inquii} is thit the reduced solir 
tcmpei ituie may modify the pressure so thit the high piessuro belts 
south of M uintius may bo brokon up and thus ailow cyclonic wind* 
from a higher htitudo to increase the sumniei i unR is they certainly 
wete increased at the normal muuma of 1877 and 1888 

It has lieen shown that tho pulse is folt in India about i ye u 
1 iter th m it commences action in the Southern Ocean while m some 
cases the + pulse is felt ulniost siinidt uicously in India and at tho 
southern stations 

Ihe Rainfall at thi (aje, Bit mi nl Lnalola, fm the jmvA 
1877—1886 

Each of the curves (fig 1) illustrating the rainfall for the Cape and 
Cordoba (Arg) for this period shows two prominent maxima in the 
yean 1878 and 1883, these correspond noarly with the + and - pulses 
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of solar temperature Comparing them also with the Bombay and 
Mauritius ciuves for tho winfe pcnotl, it is found that the pulses in¬ 
dicated at Bomlwy occur simultaneously with those of lf>78 and 1883,. 
hut in tho ease of Mauritius the effect of each of the pulses m felt about 
a year or so oatliei, namely, 1877 and 1882 

Tho rainfall tune lor Batavia for this peuod has its most prominent 
maximum in the } ear 1882, like that of Maun tins, thus preceding by a 
year the pulse felt .it the Capo, Cdidoba, and Bombay in 1883. 


The Tim / ('muhhonsof llu l'aUi >. 

The vaiious run or which we have drawn for the pm poses of study 
have l>een compiled ftom yearly means, and so fai, in these curves the 
rainfall m months has not been considered. That will have to come 
later. Hence if the tainfall which most influences the jeaily mean 
occurs in the List Lhtcc months at one place, and in tho hist thiee 
months of tho next } ear at another, they are shown as lieing a yeai 
ajiart, whet cos they have actually lieen continuous. 

With rcgaid to the tiavel of the pulses ovor largo aieaa under the 
influence of the S.K. trade, it may he gatheied from tho pleasure 
chaits that the h and conditions of prosauie aie apt to lie over 
the centies of land and water areas, and not geueially over coaat 
lmes. In the case of water suifaces, the effect ot a sudden change in 
thesohvr radutiou on the pleasure might be expected to lie felt not at 
the point where tho pressure is least oi gieatest at the time, and of 
the most geneial typo, hut whole the equilibrium is most unstable 
On the other hand, tnoio tinio would he requited foi the new pulse to 
establish itself where tho conditions are more complicated 

Hence wo should expect the pulses to lie felt fust in the eastern part 
of tho Southern Ocean, and this seems generally to lio the ease. Thus 
after tho mean solar temperature of 1876, tho - pulse w.is felt first at 
Mauritius, then in India, and the Cape. After tho mean of 1881, the 
+ pulse was felt first at Mauritius, then in India, and the Cape, Cor¬ 
doba felt lxith pulses in tho same year as India and the Cape. 


S,ih\ulnn ij Pulien. 

In a noimal sun-spot cuivo we find a sharp rise, generally taking 
three or three-and-a-half years, to maximum, and a slow docline to 
minimum, on which the remaining years of the cyclo are spent. 

Tho curve on the upward side i ises generally regularly and con¬ 
tinuously , on the downward portion the regularity of the curve is 
very often broken by a “ hump ” or sudden change of curvature. 
There has not yet been a complete discussion of the number and 
character of the prominences associated with the spots during the cycle , 
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we havo found how tun thit the hump in tht sun spot cun o in 
1874 was ate mpimed Ij a lcmukahle lncunso in the numhu of 
eruptive pr munomes 



We have already rtfentd in discussing the Indian rainfall, to a 
remarkalile intensification of the south west monsoon in 1874 75, tht 
effort of which is especially noticeable in the rainfalls of the Konkan 
*nd North west Provinces, and we hive como to the conclusion that 
we most consider all these dents as due to a common cause—th it is, to 
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a subsidiary solar pulse ^ e pioposo to letum to this subject in a 
subsequent communication aftot inquiries have been complotod lokt 
ingto l^i 86 mil 1K4< 97 

II If l I ti t II fil 

There will ol vmtislv 1 e inton vis between tho ending of one pulse 
and the Iwginniug oi tin next unitss thiy uthir oacrlip oi liecome 
continuous 

Ihe + anl pulncs to which out ittenti m h is been chiefly ibrected, 
are limited in duiation and when the> coiso the jumtity ot lain 
which falls in the Indian non is not suthcimt without water storage 
fir tho puiposes of iginultiue they are f lliwcd therefoie by 
droughts md at tunes sul sequi ntlj by f unities (fig 2) 

Taking the petnl l*»H7 S) we hue 

huti from pulse ^ 78 

U)(p«t) 
r7) (put) 

ho inn palm < 80 (conti il jeai ) 

Ul (put) 
r«Mp»t) 

Rain fiom 4 pulse < 

'-84 (part) 

r h ± (P»rt) 

ho lain pulso a go } ( contr i l l,H ) 

L 47 (part) 

T87 (pait) 

Run fiom -* pulse^ 88 

Uo 

The duintioii of these + and pulses it lainfill was determined! 
in the first instance hv the M mntius rainfall which shows both pulses 
uid latei fiom the Malabai rainf ill, which perhaps shows the effect of 
the south west monsoon in its greatest puuty 

All the Indiin funnns since 18)6 (we ha\e not gone back further) 
have occuned in these intcnals i an led back in timo on the assumption 
of an eleven yeai cycle 

Ihe following tables show the result for the two intervals — 
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The Interval between the Pulses, taking 1880 as tho Central Year, 
on the Upward Curve. 

1880, Madras famine. 

N W l 1 . famine. 

1880 -11 - 1869, N.W.P. famine (1868 9). 

1869 11 - 1838, N.W.P. famine (1860) 

1858-11 - 1817. 

1847- 11 - 1836. Upper India famine (1837 8). 

(Cieat famine.) 

The Inteival between tho Pulses, taking 1885-6 ns the Central Years, 
on the Descending Curve. 

1885-6(^ n «‘ l1 ; ann,u “\(188f-5). 

I Madras famine J 

1885 6 11 - 1874 5, N.W.P..fanuno (1873-4). 

Bombay famine (1875-6). 

Bombay famine \/i876 71 
Upper India famine J ' 

1874-5- 11 - 1863 4, Madras famine ^ 

Orissa famine J ^ ' 

1863-4 - 11 - 1852 3, Madras famine (1854). 

It is dual ftoru the above table that if as much had Ixjcn known in 
1836 as wo know now', tho probability of famines Ht all the sulwequent 
dates indicated in the hIkivo tables might have l>ccn foieseon 

The region ol time from which the above results have heen obtained 
extended from 1877 to 1886 Tho next table will show that if tho 
dates, instcud of lieing carried luck, are earned forward, tho Rome 
principle enables us to pick up the famines which have devastated 
India duiing the period 1886 97. • 

Same intervals, going Forw ard. 

1880. 

+ 11 1891, N W.P. famine (1890). 

Madias famine "j 
Bomluy famine >(1891-2). 

Bengal famine J 
1885-6. 

+ 11 1896 7, General famine. 

This result has arisen, so far as wo can see, from the fact that the 
+ and - pulses included in the period 1877-1886 were normal; that 
is, were not great departures from the average. 
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After wo had >1 timed the aImivc results uhting to the 1 iw followed 
by the Indiin famines wc lommiunc itc 1 with I lie 1 gj ptian uithoritios 
with a view of obtaining d it t. ft i the Iiile \allc> 

We hist mint fmud however ft m i mcnurindum by Phot* 
that Mi Aft llcocks in a papu k ml it the Mete c nilogicnl Congress at 
Chicago, rcnimked thit famine yens in Indi i ate gcntiallv jeans of 
low flood in I gypt ' 

It rem mis nil> foi us thcrtfoit t p >mt out th it the highest 'Nilea 
follow the veils tf the + md pulsi h thus 
1871 one yeai aftu + pulse 1870 
1876 two jears ifta stibsidiat \ pulse if 1871 
1879 twojcus iftor pulse 1877 
188*1 4 one and two ve us aftu + pulse 188- 
1891 l aftei + pulse 18)> (InIn excess i uutill 1892 1 4) 

II < III I i f 1899 

When m i sun spit vile the bolu tempei itun is more thin 
usually lneteiBol the logulititj ef the il ve i fleets is liable to lie 
broken as the advent ot the pulse ts letai led 

This as wo have dieaely pnote l nit is pieusely whit happened 
after the abnoitnal + he it pulse ft 1892 f dinting elose upon the con 
ehtion of solai mean ttmpu itme 

The widenoel line curves niBteil ef crossing uccoidmg to the few 
precedents we have in 1897 oi 1898 hive not trussed jet thit is 
the condition of orelui iry Milir mom temperatme has not even jet 
boon reached 

We have show a th it as a mattoi of fict m a normal ejele India 
is supplied from the Southern Ocean dining the minimum sunspot 
ponod mil that this lain is due to some pioss no effect hi ought ibout 
in high southern latitudes hi the sun at temperature 
As the tempeintuii condition was net icached in 1899 is it 
would have been in motmilvear the rain f uled (hg 9) 

W e may say then that the only abnorm d famine recorded since 
1836 occurred precisely it the time when an abnormal effect of an un 
precedents maximum of solar temperature wrs revealed by the stiulj 
of the widened hues 

We desire to tender our icknowledge nients to I)r Buchan, F US 
and Mr Shaw F R S, for their kindness in so promptly replying to 
our appeal for rainfall table, s \\ e w ish also to thank Mr H Shaw ono 


• ForiOMt of 9 W Mon** u 1 ini of 1900 
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of tho teachers in ti lining at the ftoj al College of Science for assist 
■*»nce m bringing U get he i i unf ill dita and plotting unmerous cunes 


li l 


excess oertcieNCY 

max au 4 max ia»a normal uccu normal 
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Table showing the Occurrence of the + anti - Rainfall Pulses in 
other Parts of the World. 


I + I - 
1870. j 1877 


Bstaua. - | 1870 

Mauritius. — 1877 

Ostherinenburg ( Riimiir) — 1877 

Scotland. — 1877 

Copenhagen. 1872-3 1877 

Adelaide. 1870 1877 

Tiflu. 1870 1878 

Archangel. 1872 1878 


Hobart Tuan. 


'Malabar. 

Toronto. 

Cdrdoba (Arg) ... 
t’apo. 


Barnaul (Ruasm) 
St. Petersburg... 
Nile. 


1873 

1872 

1871 

1871 


1878 

1878 

1878 

1878 

1878 

1878 
1870 
1870 

1879 
1879 


1883. 


1882 

1882 

1882 

18811 

1881 

1881-2 

1882 

1882 

1882 

1888 

1883 

1883 

1882 

1882- 3 
1883 I 

1883— t 


1886 


1883 

1888 

1887-8 


1888 
1880 
1N88-0W 
1887-8 I 
1888 

1887 

1888 
1886 
1888 
1888 


18H7 
1888-9 


1802 

1802 

1802 

1891 
1H02-3 
1803 

1892 
1802 
1803 
1802 

1893 
181)2 

1892 
1803 
1891 

1893 
1893 5 


• For comparison 


“ Ou the Restoration of Co-ordinated Movements alter Nerv i 
Crossing, with Interchange of Function of the Cerebral 
Cortical Centres." 13y Robert Kennedy, MA, D.Nc., M.J)., 
Assistant Surgeon to the Western Infirnmiy, Glasgow. Com¬ 
municated by Professor McKknihiuk, FR.S. Received 
October 11,—Read November 22, 1900. 

(Abstract.) 

I.— Jijpntmnt* on Nerre Crowing. 

The experiments on nerve crossing were undertaken in order to 
ascertain whether, after dmsiun and cross muon of the entire nerve 
supply of two antagonistic groups'of muscles, the animal can regain 
the power of performing voluntary co-ordinated movements with the 
affected muscles, and also to ascertain the oflects on the cerebral cor¬ 
tical centres affected by the crossing. 

The object of this was to ascertain if the organism has the power to 
compensate for a change whereby nerve centres aro brought into 
connection with peripheral endings, not by nature belonging to them. 

The experiments wore made ou the right fore-hmb of dogs, and 
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were five in numl>er. The first four weio of tho same kind, and con¬ 
sisted in uniting the central segments of the divided mnsculo-cutanoous, 
median, and ulnar nerves to tho peripheral segment of the divided 
mnsciilo-spiral, and me Thus the entire supply of the flexor 

muscles of the forearm was cioseed with tho entire supply of the 
extensor muscles. Tho musculo-cuUncous was included in the crossing, 
as it sends a communicating branch to the median at the elbow, 
which branch may contain efferent fibres to muscles. 

Tho nerves were divided above but near the elliow joint, and tho 
two points of union were therefoio situated one on tho outside and one 
on the inside of tho limb, with a bulky muscle between them, which 
prevented any possibility of confluent roiuuon of all the divided ends. 

One of tbc experiments (Exp I) was a fuilure on account of the 
wound Incoming septic, but in the remaining thiue (Exp. II, III, IV) 
the animals regained almost completely tho povvoi of making volnntaiy 
co ordmated mov omenta of the limb. Thus the leg was used constantly 
and perfectly m walking and tunning, and in peiformmg such co¬ 
ordinated movements as giving the juiw on tequesl, using the paw to 
hold a lone while gnawing, dre Tho rocovory of function commenced 
alxiut the 30th <Iay after the operation, and was almost perfoot from 
tho loth to tho 90th day. 

The physiological examination showed that the nerves which had 
lioen crossed had united as they had lioen placed without one point of 
union communicating with tho other, and that tho flexor muscles we e 
thus entirely supplied by the musculo-spiial, and tho extensor muscles 
entirely hv the median, ulnAr, and museulo-cutaneous. 

In two of the experiments (Exp. II and TIT) the musculo-spir.il 
stimulated al>ov o tho seat of union gave flexion of the paw, and no 
movement in tho extensor muscles, while stimulation of the cent al 
segments of the museulo-cutaneous, median, and ulnar gave extension 
of the paw, and nd movement in tho flexor muscles. Stimulated on 
tho cerebral cortical centres of the sigmoid gyrus, it was found that on 
tho loft hemisphere tho centre which normally gives on stimulation 
flexion of tho paw, gave on tho contrary extension, and no movement 
whatever in the flexor muscles. Stimulation of the centre, normally 
associated with extension of tho paw, gave in one of tho animals pu’o 
flexion of the paw and no contractions of the extensor muscles (Exp. Ill), 
while in the other animal the flexien centre was found to lie in the 
normal extension aroa, hut pure flexion could not be obtained free 
from extension movements (Exp. II). 

In the other experiment (Exp. IV) the results of stimulation were 
somewhat obscure. Stimulation of the central segments of all four 
norves gave contractions in tho extensor muscles and no contractions 
in the flexors. Yet the flexors were perfectly healthy in appearance 
and possessed normal irritability to faradic stimuli. Stimulation of 
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the celitres on the left sigmoid gyrus showed that the flexion centre had 
become an extension centre hut no flexion centre could he discovered 
In these experiments (TI III IV) the centres on the light side of 
the brain wore normally placod 

In all the experiments tho irritability of the centres on the left side 
of the bran was increased rathei than diminished 

In addition to these experiments on nerve crossing there was also 
an experiment made on a dog to ascutun if tho fact of crossing the 
nerves delayed the functiond recovery hevond what would be expected 
merely as a result of nerve section In this experiment tho same 
nerves were divided but woro lnimedi itelv reunited os accurately as 
possible The result wis that the course of recovery of function was 
not materially different from the course in the expenments on nerve 
crossing 

Hie physiologic d examination showed thit tho neivcs had muted 
well, ind regained their normal irritability and conductivity anil that 
the muscles of the limb w ere healthy h vammation of tho cerebral 
cortical centres showed thit they wcie not well defined but neither 
w ere they on the sound side in this animal 

II 1 in tun rf the P nphei il S /mail f th l)t il l l tn l J\ it ruth 
th TiuiJL of th Spin il 4r e o> / \t> fn Pel ntnent tf facial 
S i im tn » // (man 

Ihe experiments on dogs having shown that nerve ciossuig was 
followed by recoviry of cooiibnatod function tho following operation 
was undertaken for tho treatment of facial spasm in a woman haure 
md luret hul alicady suggested utilising tho branch of the spinal 
lecossory to tho tiape/ms for tho supply of tho face in the case of 
paralysis of the facial noivo and Fiurc* hul put the operation in prac 
tiet but without suctess In the following c isc the lationt had suflbrod 
for ten yeais The right side of the face was incess ntly twitching the 
ingle of the mouth bung permanently drawn up and the eyelids half 
closed The condition h ul been umlor treatment at different periods, 
but without any success leather the condition got worse 

On May 4, 1899, tho facial nerve w is divided close to its exit from 
the aqueduct of hallopius and grafted on to tho trunk of the spinal 
accessory, just as tho latter nerv t emerges from under the postenoi 
Iwlly of the digastric muscle Ihe digastric situated between the 
central end of tho f icial nerve and tho junction with the spinal acces 
fcoiy prevented any reunion of tho neive 

Immediately after the operation, the right side of the face was in a 
condition of complete paralysis, and it remained in this condition for 

• Faurs "Traitsment Chirurgicsl de U Paralysis Facials par PAnastomoas 
flpmo facials,'’ • Hems ds Chirorgie rol 18 (1898), p 1098 

101 LXVU 2 1 
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time the muscles losing their faradic nntability In course of 
time gradual improvement Bhowed itself heralded fust by recovery of 
faradic irritability in the muscles Iho cat best indie itions cf improve 
ment wore shown in the orliculans palpcbiaium which began to 
recover faradic lrntibility vn<l movement thueby en ibhng tho ejo to 
be slightly closed iliout the l^th day The movement ri the musclo 
on stimulation with the ftridic cut lent was hoHcvci so slight, that 
theie was a possibility <f eiioi and the slight volunt ty movement 
might have been due simply to the telaxation of the lev itc r palpebne 
By the 49tb day howevei, there w is no doubt as the cc nti actions to 
faradic stimulations worn well ina ked uid tho palpebrv! hssurc could 
be voluntarily closed ono half 

By tho 141st diy the faradu unt ibility of the othoi muscles bogan 
to bo iccovciod nil by the 1 r )Gth day tho fvrvdic an tent give on 
applying the elect!ode ever the junction lwtwocn ficiul md spinal 
accossoiy, ationg contiactions in all the muscles of the f tcc 

Improvement gi ulu illy continued and on August 17 1900, about 
fifteen months iftei the operation tho con liticm was is follows She 
experienced no diflicultv on iccount of tho condition of the face There 
was no l etum of the sp ismodic condition The conjunctiv i (f tho right 
eye wis quite normal, theie w is no incieased lachr>mal sccietion and 
she never was ttoublc l with dust getting into the eye i winking was 
perfectly efficient Sho could shut the eye completely although not so 
tightly as in the cise of tho sounl eje Hie orbiculins pdpelnarum 
aleo contracted well to reflex stimuli The light side of the brow could 
be wrinkled to a verj slight degree only and movemc ntb could bo made 
m the cheek and mouth although thej could not well lie co ordinated 
The labial letters could be perfectly pronounced and tho buccinator 
was effluent to pi event accumulation of food between cVcck and gums 
while eating 

There was no atrophy of tho side of tho face, and in repose there 
was no appeal aneo of facial paralysis the muscles having regained 
their tonus and the normal sulci being well marked 

There was evidence of want of pow or ovor the f ice m tho difficulty 
of raising tho ej ebrow, or of m ikiug a circular aperture with the mouth 
in whistling or blowing lhe muscles, however, of these paits were 
perfectly sound, as the faradic current gavo peifectly noimal reactions, 
both when applied duectly to the muscles and when applied to the 
motor point of the nerve This motor point lay about 2 cm lower 
down than normally, 1 1 , ovor tho junction of tho facial and spinal 
accessory 

The reactions and movements of the trapeaus and of the sterno 
mastoid were normal 

curious effect resulted when the arm was suddenly thrown up, 
for the face at the same time was thrown into contractions, owing to 
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the impulses mtonckd fot the tr ipe/ius being directed to the fare If 
the arm was continued held up these eonti actions of the face passed of! 

TIT —G nn tl C a elusion* 

1 In the fo o limb of the <1( g the nuvo supply f the flexor muscles 
may ho crossed with that of the extensor muscles with the result that 
despite the altcicd lmicuvti>ti the immil logons vs before, tho 
powei of pet forming voluntuy co-ordinated movements of the limb 

2 The fact d crossing the n< rves does not adl matomlly to the 
timo which would lie requited fw iccovcry rf function of tho limb if 
the same nerves wue simply divided and reunited by suture as accur itely 
os possible 

3 Iho losult cf tossing tho nene supply cf antagonistic groups of 
muscles is that the nuvo cent is which foimeily uincrvitcd the one 
group now serve for the otbci group anl this dtciation extends to 
the cerebral eortic vl centres which become inteichanged m petition and 
retain their nutdility 

4 The cerobi al coitical centres w hieh h tve been mode to interchange 
their positions by tho crossing aro iblt m icsponse to the will, to emit 
impulses which c in e dl forth in the new penphor d terminations move 
ments in perfect co ot dilution 

5 In man the fati vl nerve may lie (let v he 1 ftom tho f wial contre 
vttaehod to the spinal accessory nerve ami the f itivl muscles thus in 
nervatod by tho spinal occossoty centio with the icsult thvt co-ordin 
vted movements of tho foco, both voluntary and leflex vie at lenst in 
part restored 

6 In the ease of rcuni >n of v divided noivc it is not nuessarv to 
suppose that legenoratioii restores the old piths for tho norvous im 
pulses since if new piths aro formed by the impcifect lo vdvptation of 
the divided nerve ends with tho lesult of altering the connections 
betwoon central nerve cells and ponpher d endings, the organism has 
the powei of compensating this alteration 

7 In the case of paraly sis of a muscle or group of muscles, if the 
nerve supplying tho ifleeted muscle or muscles is grafted on to a 
neighbouring eflorent nerv o supply ing muscles which are healthy, it is 
probable that the affected muscle or group of muscles, if not already 
destroyed by degenervtive process will logam its normal function 
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November 30, 1900. 

Anniversary Meeting. 

The LORD LISTER, F.R.C S., D.C.L., President, in the Chaii. 

(A full Report of the Anniversary Meeting, with tho President’s 
Address and Report of Council, will bo found in the ‘ Year-book ’ for 
1901. 

The Account of tho Appropriation of tho Government Grant and 
of the Trust Funds will also be found in the ‘ Yeai-hook.’) 


December 6, 1900. 

Sir WILLIAM HUGGINS, K.C.B., D.C.L., President, in the Chair. 

His Grace the Duke of Northumberland was admitted into the 
Society. 

A List of tho Presents received was laid on tho table, and thanks 
ordered for them. 

The President announced that he had appointed as Vice-Prosidents 
for the ensuing year— 

The Treasurer. 

The Astronomer Royal. 

Lord Lister. 

Mr. J. J. H. Teall. 


The following Papers wore road 

I. “Tho Histology of the Coll Wall, with Special Reference to the 

Mode of Connection of Cells.” By Walter Gardiner, M.A., 
F.R.S., and A. W. Hill, B.A. Part I.—“The Distribution 
and Character of ‘ Connecting Threads ’ in the Tissues of Pirns 
sylvestris and other Allied Species.” By A. W. Hill. 

II. “ On the ‘ Blase Currents ’ of the Frog’s Eyeball” By Dr. Waller, 

F.R.S. 

III. “On a Bacterial Disease of the Turnip (Brassua naput)” By Pro¬ 
fessor M. G. Potter. Communioated by Sir M. Foster, 
Sec. R.8. 
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IV “ The Mioro organism of Distemper in the Dog and the Piodnc 
toon of a Distemper Vai cme By 1 )r S Mo\( h roN Coi KM AN 

Communicated by Sir M Iostlr Sec Rb 
V * On the lempering of Iron hatdened by Overstiain By Jambs 
Muir Communicated by Trofosaoi I \\ im IKS 


The Histology of tlic fill Wall with special u ference to the 
Mode of ( onncction of ( ells * By Mai t m Gakwnir M A 
IRS Icllow and Biusar of Clue College Gambit lge ml 
AuihurW Hit l 11 V Scholai d kings G dltge tamlndgc 

Part I 

Ihe Distribution unil ( hiiaelci of t mucctmg llnuids m the 
tissues if hnus eyheitni uid othei Alht l Species By 
Aitlnu W Hill 15 \ Scholu of Kings (ollege Camhidge 
Received fitly 17—Rod l)<u mbei (» 1100 
(VI stria) 

Ihe lesearth with whuh this piper is concerned was undertaken 
with a viow of ascot tuning to what extent (onnecting t hi pails ’ ire 
distributed throughout the b ily of any gitcn plant mil for this 
purpose tho endosperm mil the \ anous tissues cf the hypocot 1, 
cotyledons, and root of tho young seedling of limn jtifi and of the 
idult stem leaf and loot of 1 mm v/lwtfu were examined 
The results show that tho piescnco of such tine ids can le teadily 
demonstr ited in tho case of all cells in which tho wall retains its 
cellulose or mucilaginous chuactcr and thxtm suth young tissui as the 
growing point of tho loot all the cells aio provided with connecting 
threads Mhen the lignificd or suborned condition his supeivcned it 
is diffi cult, oi impossible to identify thre uls though even m such coses 
threads may be recognised m certain of tho a ty young elements 
In Pmm ptiua tho tissue of tho endosperm as dso thit of the 
germinating seedling is well connected ! y threads 
In the cotyledon tho absorptive sido next the endosperm (corrc 
sponding to the lower side of the leaf) shows a certain histolognal 
distinction m that the walls of tho cells Ixith of tho opidormis and of 
the subjacent parenchyma aro moio nchly proudod with threads th n 
are the similar tissues of tho uppei side No threads, however, oaur 

* For tho preliminary communication on this lubjoct, see Onrdmer Tho 
Histology of tho Cell Wall with special reference to the Mode of Connection of 
Cells,” Boy Soc Proc, T ol 62 1897 
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in the outer or fiee walla of the epidortnia ao that diffusion only (as 
opposed to direct transference) cm tako plico between the cell con 
tents of the en lospei m and those of tho cotyledon 

In the stomata of the cctyledon thieids hue been seen in a few 
cases connecting the guild cells with the epidermal cells 

Iho parenchymatous tissue all ovei the seedling pi uit shows con 
necting threads of a smnJu chtrtetei In the end walls of the cells 
they occui lrrcgululy scattered but in the latetd walls they an 
usually in isolated gioups mamlv m conse plena of the giowth in 
length which these walls haao unde gone and are also situated in 
shallow pits 

Tho palisade cells cf the cotyledon which it fustaio united togothe 
m all duoctions aeiy soon sepu itc fc tilling phtes of tissue und the 
thieads m the wills il ng which scpantiou tikes )lico are vetj 
quickly ollitn itc 1 A similai >1 liter ition of thro ids is seen to oceui 
in those wills cf pen jell alls which aio situated between the 
living cells and the joutig tnnsfusion cells in process f ligmficition 

Iho living alls of tho pen jele which ire nchly << mice.ted togethoi 
by threads foim tho passigo cells fi nn the cortie il tissues to tho 
phloem mil between these cells ml the sieve tulves come tho albu 
muiouh cells which pessess tineul gt >ups ccuutng in localised thick 
«nings of their w ills 1 he thie uls winch ire long and usually cutved 
stain in a peculiar maimei and appoir to have an important function 
with reference to tho pissige of mitcml from tho mesophj 11 to tho 
phloem 

JOie phloem tissues of tho see lling of Pinks jtn t present a distinct 
type, the peeuhanties of which are treated of it some length The 
large cells of the outei poition are eh iractensod by long obliquo end 
walls full of threads whilst tho thick walled cells of the inner part 
possess square ond walls trav orsc 1 bj numerous long threads, re 
sembling the sieve tulies of dicotyledons As development proceods, 
sieve tubes like those of tho adult tissues are, however, qrncklj 
developed from tho cambium All tho sieve tube threads show a 
characteristic modian dot 

The root cap of tho seedling root shows numerous threads connecting 
its cells together and also a {fouling communication both with tho free 
surface of the root as well as internally with the cells of the penblexn 
The function of tho lootcap is an organ for stimulus perception and as 
an absorbent organ u considered with reference to the abundanco of the 
oonnectmg threads 

In Pmus vytvestui the characters of the threads in tho cortical tissues 
of the adult stem and root are similar to those of the seedling 
Threads occur, howovoi, in the radial and end walls of the cells, but in 
die cells just under the cork they are distributed in large numbers ui 
the tangential walls, and this change in the main direction of the 
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threads points to their \ duo as a meins of conducting food material to 
the developing coih 

In the phloem there is a sharp contrast between the atari h containing 
medullary ray (tils and lust parenchyma ou tho one hand, and the 
wove tubos on the other, mil no threads can be found directly con 
necting the p utnehymatous colls with the sieve tubes, but the albu 
minous cells of the ray possess numo-ous threat gioups which com 
mumcite vuth both tissues Iho strnh medullary 11 > tells in tho 
phloem and \ylcm possess numuous thioads m the tangential and 
basal walls csjKmll) m the fomiei and tre ilso unite d with the least 
paitnihjmi and ill uroim u» nils 

Ihe su/vc tul>o threads which oecut onl} in tho radial w ills dways 
show i modi m dot 

The e vislcnn of tine ids m the \yltm is doubtful \U livmg 
partnehym itous cells show them hut it seems pnbiblc that the} 
quickly dis ipjit ir when the cells hoeomo ligmfiid Ii tho ciso of 
young bordered pits tbeie is some evidence tint tho toius is ti iversed 
by connecting thicids whi h ate «wn oblitei ite 1 

The lcif oi 1 inns /h shows a distiihution rf connecting throads 
similar to th it noticed in the tot) le Ion lhc tndode mis is seen to lie 
m import mt lyir conneetitig the tissues (f the stele mth those of 
tho coi tox by means of thrcul gioups in the tuu,cnti il wdls In the 
poncycle thoio aie Ixith deid md living (ells, but no threads persist 
in tho vv ills (onneeting the dowl with the living cells 
Tho ilbumiuuus cell thiea 1 gioups ire vot\ well devtlnpe l, and thou 
function uid peculiar pi opu ties are discussed 

In conclusion, tho genoril distribution of the connecting threads 
throughout the tissues is considered 


"On tho Blare Currents of tho liogs Eyeball ’ By A D 
Wai i m M D, h IS S Itcceived Du ember 6 — Read Decern 

ber b 1900 

(Alwtract) 

The normal electrical response to light is positive The normal 
electrical response to evoi) kind of stimulus is positive Ihe norma' 
response of the flog’s eyeball is partly retinal, partly by other tissues 
The direction of responso is reversed by pressure 
The normal "blaze currents ’ excited by single induction shooks, 
and by condenser discharges, are comparable with the normal dis» 
charges of an electrical organ Their maximum voltage is of die 
same order as that of the discharge of a single eleetneal due (ovei 
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003 volt). Thoir magnitude and duration increase with increased 
strength of excitation. 

Summation of stimuli, summation of effects, staircase increase, and 
fatigue decline are manifested by blaze currents. Stimulation of 
excessive strength abolishes them completely, but only temporarily. 

The energy of a blaze offect may considerably exceed the energy of 
its exciting cause. The effects are olwervublo for at lcaBt five days 
after excision of the eyeball; they appear to l*o diminished under pm- 
longed illumination, and increased under prolonged darkness. 





Positive response to a single induction slimlc sent through the eyeball in the 
posilne (upward) direction. 


The influence of raised temperature and increased pressure is studied, 
and under the influence of tho latter four types of response are 
recorded. 

Comparison is made between blazo currents and the responses of 
electrical organs as doscrilied by du Bois Reymond. 

During and after maximal blazo the resistance diminishes; the 
diminution is not it reciprocal. 

If single electrical currents are passod through a normal oyeball and 
a galvanometer, in a “ homodromo ” and m a “ heterodrome ” direction 
(f.r., with and against the direction of normal discharge), tho homo- 
dromo (positive) deflection is greater thun tho hctciodrome (negative) 
deflection. This inequality is the result of positive blaze cuireut, and 
is abolished by death or strong tetamsation. In the latter case the 
abolition is temporary. 

The normal electrical response to light persists undiminished at a 
time when blaze currents have been abolished by tetanisation. On the 
other hand, blaze current may be present in an eyeball giving no 
response to light. The altered state of the eyeball in relation to light 
does not necessarily run pamllel with its altered state in relation to 
electrical stimuli 
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“ On a Bacterial Disease of the Turnip (Brnmea najms)." By 
M. 0 Potter, MA, FLS, Professor of Botany in the 
University of Durham College of Science, Newcastle-upon- 
Tyne. Communicated by Sir M. Foster, Sec. R.S. lleceiveil 
November 15,—Read December 6,1900. 

In the autumn, when the activity of tho turnip plant is mainly 
dovutod to the storago of reserve material and tho characteristic roots 
are increasing in size, it is not uncommon in this neighbouihood to find 
among the plants still gi owing m tho fields Bomo whoso roots are Quite 
rotten and with a highly offensive and peculiar smoll. 

Tho plants thus affected can lie recognised by tho drooping, yellow¬ 
ish leaves, the older loaves being the first to Hhow any indications ot 
disease. They gradually flag anil tlroop to the ground, at the same 
time becoming yellow and shu veiled in appearance. The leaves next 
in ago gradually evhilnt the same signs of premature decay, and this 
proceeds until finally the young loaves at tho growing point succumb 
The time taken for tho collapse of the loavos naturally vanes with 
different individuals, but it is usually a^out two weeks fiom tho time of 
the first infection. 

Tho root* of these plants when examined present a very character¬ 
istic appeal mice. The docaying portion may 1» of a gieyish-white or 
dark-brown colour, and is quite soft to tho touch; the coll wall has lost 
its natural firmness and the cells their tnrgidity, and with tho escape of 
the cell-sap the tissuoa have been reduced to a soft watery pulp. In 
the particular diseaso now treated, the portion attacked remains of a 
whitish colour, and I have therefore doscnbod it under the name 
“ White Rot,” as my investigations havo shown that this form of 
rottenness is due to a specific organism producing this particular colour 
when attacking a root. Tho brown and other discolorations found iu 
similarly diseased roots are probably due in part to this organism, 
together with others, but I have not succeeded in cultivating the 
“ Brown Rot,” and this awaits further investigation. 

Tho disease can be readily communicated to sound roots, it being 
sufficient merely to make a slight incision and smear a small portion 
of tho rotten mass upon the injured surface for decay to be imme¬ 
diately set up. In twenty-four hours the previously healthy cells 
around the inoculated surface show the characteristic changes of form 
and colour to a depth of about a quarter of an inch, indicating the 
progression of the decay. Keeping the plant under observation, widi- 
out further injury, it is noted that the rind bordering on the wound 
gradually becomes soft and assumes a lighter colour; the discolora¬ 
tion gradually extends; the older leaves, too, droop and change colour; 
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by degrcos the entire losetto of leaves polishes and tho whole root 
becomes a soft, putnd mass, which eventually collapses, and after i 
shower of nun tlraost entirely disappta g, cvirtly the stme symptoms 
appearing as in tho case of the plints found decaying in tho fioldr 
lhe must cuicful miuoscopic scuch has failed to detect Any trace ot 
hyphse of the highc r fungi in tho decaying m iss, but only « awarrani' 
mass of bactern lhc tissues ue completely disoigamscd (see hg 1) 
tho cells sepu ltmg from euh othei don.'the middle him 11a the cell 
walls are soft, swollen, and funtly stunted, the protoplasm too has 
lost its natui d colour and hetomo slightly blown end centric led, so 
thit it no longer remains closely m eontut with the cell wall 
With a view to di teimuu whethu tlu bictem ait tho cutso of the 
lottenness, uul if so to isolate thi paitieulai oiginism winch products 
it, a senes of cultmes w is undertaken 

In the fust instance i nutuent bioth mule fi >m turnips was eni 
ployed Puces of turnip finely chopped wtic stelined in i heakei 
until soft, sufficient lip-witir hung added to just tovoi them, when 
soft they weit pi eased thtough a cloth and the li pud filtered lo the 
dear light yellow hltiato thus obtained 1 per cent of gelatine was 
added, and the mixture was thou steuned filtucd ind dnwn into teat 
tubes, which pieviously hid ntn plnggt 1 with cottonwool and 
exposed to a temper time ot 140 C fn hdf an hour These test 
tubes, contumng about 10 t c each cf tho lwuillc n, were nextsteamod 
for hdf on hour on thuo conseciitne diys uul is v further test of 
complote sterilisation they weio meuhated at 20 C for a few days 
No eolomts wtro found to develop (Whenesu mention is m ide of 
tost tubes containing nutuent gel itme it must bo undo stood thit all 
have been piepaiod in this mannoi, ind none have been employed 
which have not been submitted to these tests) In some casos the broth 
was neutralised, in others it was allowed to retain tho natural acidity 
of the cell Bap, but subsequently Koch s bouillon, w nt ahsed with 
sodium hydiate by tho phenolphthalem test, was found to give tho 
most satisf.utoiy results, and hence was alw ivs used 

In sepaiatmg tho vinous orgimsnis found in tho rotten mass a 
stenie platinum wire was introduced into the turnip (the rotten pait 
practically offering no resist mce) and the n immorsed rn a test-tube (A) 
containing about 10 cc of the liquid nntro nt gelatine From this a 
loop was taken in a sumhr manner into i second test-tulw (R), and so 
on until a sufficient degree of attenuation was reached Tho tost tube** 
after being well shaken were turned out into pet! i capsules a, b g 
respectively These were placed in a cool incubator, and the colonies 
allowed to develop In a, and often in b, the entire suifaee becamo 
covered with growing colonies too thickly crowded to bo of any use 
for the purpose of isolation , but in the others tho coIoucb were less 
numerous and sufficiently distinct to allow the organisms to be sepa 
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latod from each othei The most conspicuous colonios wore those 
which liquefied tho gelatine among others producing no liquefaction 
Yv iror 1/9 c in It m uid a yeast were especially noted for their 
frequent occunence lut no tiaoe of any of tho higher fungi was 
found I he colonies were next tr inspirited by means of a sterile 
platinum a ire into test tube? cont lining al out 10 c c of nutrient 
gelatine and aftei numerous trills I wis sitisfied that pure cultures 
were obtained 

Ihe van* us organisms as isolated wire sown 1 y means of a freshly 
heated platinum wire upon atenlo but living Hocks of turnip To 
prepare these blicks the tiutups Mere first Mashed and thon soaked 
in a 1 per cent solution of coirosive sublimate to destroy any organisms 
adhering to the o iter s uf ici tho cotiosivo sul lunate being afterwards 
thoroughly w ishcd iwiy 1 y me ins of w itei steulised by discontinuous 
boiling The rind w is then romc vo 1 by a Btenle knife the turnips 
1 eing cut into suit il le 11 cks on i sterile plate and qiutkly inserted in 
the test tidies Ticitel in this May the blocks of turnip Mhilo quite 
sterile were compose 1 f hedthy living cells is wis shewn by thiee 
sots of control tides In the first set the 1 locks prepue 1 as abovo, 
were lmniei bed in i olel li pn l nutnent gelatine mtho second similar 
blocks were immersed in steiilo watei m neither case were any 
colonies found to dev el p i itht r vv hen tho 1 locks were partially or wholly 
submorged md ifter eight day s no sign of decay hail ippearod In the 
thud set tho 11< < ks wore simply nisei to i hi tho t il os and kept ui u damp 
atmosphere on miciosupicd eximinition cell divlsion was observed 
to hav e taken place in the outer layers of unmjuri 1 cells and the cell 
tissues presented a n< rmal md entirely healthy ippe nance 

In tho tubes containing tho inoculated 1 locks m my showed signs of 
advanced decay in alvut tMclvo hours md all thoso in which any 
rottenness appeued were carefully noted 

After repeated experiment md a long sones t f cultures I succeeded 
in isoliting i boctonum which liquefies gelatine and which when sown 
on the stetde blocks of living turnip proluced tho char ictenstic 

\\ hitc llot prev lously desenbe 1 

ihe isclition of the baeten im in this manner was further confirmed 
ly pricking out tho lohmcs by means of Unius harpoon Small 
colonics of about 15 /* glowing in a petn capsule Mere selected and 
transpl mted by tho h itpoon into petn c ipsules containing some sterile 
turnip lanullon A specially fine harpoon needle mbs obtained but the 
point mbs still lirget than theso very small colonics and it was only 
after some practuo that they could be successfully transplanted The 
colonies selected we o thoso growing qiute apart which appeared to 
have arisen from a single bacterium to eliminate as far as possible any 
chance of the noodle touching more than ono Lest, however, even 
these small colonies might hav e grown from more than one bacterium, 
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a tingle bacterium ww selected and its do\ clopment watched with the 
capsule fixed under the microscope until the colony was sufficiently 
large to transplant Cultiv itions were also mode by tho method of 
the hanging di op A drop of gelatine bouillon from a test tube con 
tauung a very few buctena vis plmul upon a stenlo coveislip and 
then mvertod over a sterile giowing cell and txamined under tho 
microscope If the b ictena were too numerous the preparation was 
discarded and trials made until i hanging drop w w secured with only 
one or two bactm i Ihe growing cell w is now fixed under the micro 
scope, so that a selected liactcmim could lie olwerved and the growrth 
of the colony noted When sufficiently Urge tho covorslip wis 
quickl) inverted and tho felony removed by tho fine Unnas haipoon 
to a petn cipsnle In this waj pure eultuiesweie obtiined giown 
from a single hicUimm which dw imagine list to the charoctuistic 
“ Whito Rot and left no doubt that this bietcimm is the sole organ 
ism concerned in tho disc ise 

Pure cultures wcio also sfiwu upon pi mts growing in the College 
garden with ex u tlj tho satno result Ihe dec ly commenced at tho 
point of infection and coon spread through the sound roots eventually 
producing the same white putref) ing mess of rottenness 

The bictemimcnn Ine foi nun} genoratims is a saproph) te without 
losing its virulence is a parasite A stock obtained fiom i white 
rotted ’ turmp growing in a field near Jiew istle on September 10th, 
1898, was isolated during that month md after pissing through 
several cultivations m successn o test tubes wag fin illy put asido on 
April 29th 1899 On August 2 hd two bonnl turnips were selected 
in the Gollego garden, ind while still grew mg the part of tho roots 
above ground was washed with u« revive sill Innate and afterwards 
with stonie water, a wound wus then raulo with a storile knife and a 
httle of the culture fiom one of tho tost tulxs left undisturbod sinco 
Apnl 29th was introduced by a platinum wm The turnips were then 
covered ovei with a zinc cylimlot, md upon examinition five days 
after, on August 28th, tho rot w as found to ha\ o penetr ite<l deeply 
into the tissues the larger h ilf of tho roots having become completely 
rotten with all the distinetiv o characteristics c f tho ti ut W hite Rot 

In order to ascertain the precise action of the bacterium, and to 
determine whether it pioducoil anj ferment cipable of acting upon 
the cell wall m a maunor similar to thoso of various parasitic fungi 
the method of precipitation by alcohol was adopted A litre flask 
was plugged, sterilised, and then filled about half full with stenlo 
blocks of turnips, to which was added a small block upon which a pure 
culture of bacterium had been sown a httle stenle water was then 
introduced, the flask closed as quickly as possible, and then well 
shaken to distribute the bacteria In twenty four hours many of the 
blocks showed the cbaractei istic action of the bacterium, and in the 
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course of thieo 01 four days neaily the whole contents had bocome 
lotton 

Tho next important step a as to separate the bacteria from then 
products Ihe contents of the flask wue turned out and pressed 
through a doth into a gl iss cylinder to remove the coarser portions, 
the tuibid liquid was then filteied and afterwards diluted with four to 
fhe times its bidk of alcohol Almost lmmediatdy on tldition of the 
alcohol a cloudy precipitate formed and, it the end of twenty fom 
houiB, a copious flocculcnt pi capitate was deposited After filtration 
the precipitate was w ished with absolute alcohol, dned carefully 
collected end then digested with distilled water for al out three houis 
Ihe solution was then passed thiough a Pasteur Chnmbei land bltei 
fixed in i Moassens boctoua filter In this manner a clear pile straw 
coloured liquid was obtained free from bactem Tho liquid when 
drawn into sterile test tulies rtm lined dear for any lc ngth of time but 
when exposed to the an it soon liecame turbid A senes of ten such 
sterile tost-tubes was pioparod five of which were held over a Bunsen 
burner, and the fluid allowed to boil , the other five wore left without 
any exposure to heat Ihm sections cut from sterile blocks of turnip, 
by means r f a razor stci pc d in boiling water, wei e taken off m stonle 
watei and quickly introduced both into the boiled and unboiled fluids 
Tho iction cf tie unboiled fluid wis \ery marked lig 1 shows a 



Fig 1 — Gioup of celli from a section of turnip which ha* been exposed to the 
action of I) r c>t*se for twenty four bonis The cell walls are swollen 
and irregular in outline and the cells are separating along the middle 
lamel a (Zc.ua, E oo t) 

section taken from one of those preparations after twenty four honrt’ 
exposure the cell wall is swollen and striated, and so much softened 
that great difficulty was found in handling the section«nd removing 
it to the slide , it is well seen that the walls have quite lost their 
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natural firmness and clear regularity of outline, being bulgy and du- 
tended in places; the dissolution of the cells is very apparent along 
the middle lamella, and the whole appearance of the section corie- 
sponds exactly with those taken ftom turnips found affected by the rot 
in tho fields. The sections contained m the boiled fluid exhibited 
none of tho appearances descnliod above, and tho cell-walls remained 
perfectly normal. It is thus evident that the Wtorium senates an 
enzyme which dissolves the middle lamella and causes the softening 
and swelling of tho coil-wall Fig i repiesents a single cell fiom a 



Fig 2.—Coll unmerited for nitron hour* in an unboiled felution of the rotate 
Thickness of cell-wall, 2/> at » x (Zeiss, E oc 2). 

section immersed in the filtered, unboiled liquid for sixteen hours. 
Fig. 3 shows one after an immersion of forty hours. The thickness of 



Fig. S.—flection immersed for fort)-two boon in unboiled solution of tho cjtase. 
Thickness of wall, 6 - 8 p at x x (Zeiss, E oc 2) 


the walls was 2 p and 5-3 p respectively. (I should remark here that 
these sections were cut out of season from old turnips in which the 
walls would be more resistant, and this would account for the; rela- 
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trvely slow development In sections from more Buoculent growing 
root* the walla have been found to swell from 2 to 7 /* in the count 
of twenty four houn) In fig 4 tho cell is drawn from i section lm 



Fij, t —S oti n lm ner« 1 in »ol iti of Mni-e f («ilj ( to 1 our* wlune potter 
had bcon d stroked by boiln g ( oil w ills qt ite nom al (Zt hi i, oc 2) 

morstd for forty houia in the boiled li jui 1 The cell wall u not pel 
ceptibly thickened or affected in anj wa\ 

The activity of tho eiuymt in the deeding plant was also shown 
by pissing tho juieo from the hi lined pulp tbrcctly thiongh a Pasteur 
Chamberlaud flltei when its aetion on the cell wall was precisely that 
described in the case of the w itety extract of the alcoholic precipitate 
Tho bictenum also secretes tho en/yme when growing m a beef 
solution Small flasks containing 100 cc of Ixxf liouilloii inoculated 
with a pul% culture, became tin bid in tho course of tw enty four to 
thirtj six hours Aftor in interval of eight davs the liquid was 
Altered ind diluted with five times its bulk of alcohol when v 
precipitate immediately began to ippeai Aftui standing twelvo 
hours the precipitate ww collet f td by Attrition dned, and then 
•digested with 10 cc of distilled water After filiation throngh a 
Pasteur Chamberland iiltei cxpeiiments wore repeated as above with 
sections of sterile <urmp, uid the samo results w eio obtained, the 
liquid was foimd to possess the property of dissolving the middle 
lamella, and causing the softening and swollmg of the cell wall All 
■action of tho ferment was dostroj ed by boiling 

To avoid the tedious process of the filtration through a Pasteur 
Chamberland filter, and the necessary sterilisation of tho apparatus, 
various attempts w ere made to render the solutions aseptic by the use 
of such re agents as chloroform, thymol, formalin, &c But this process 
bad to be abandoned, as in all these oases living bacteria were found 
after twenty four hours, and no reliance could be placed upon it 
In the early stages of the investigations, filtration—except when 
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the elimination of Iwiterw w is dosittd—w is effected through ordinary 
filter pvpei Hie quuitity of the pieupitatc l>eing smill the portion 
of tht papa up m which it was deposited whs cut out and digosted 
with w itu But m oidet to ivoid my jwssible iction of the enzyme 
upon the paper kieselguhr w is sulisequentlv linariibly employed, a 
few pieces of gliss it the Iwse of the funnel covuod with a little 
islicstoa sen lug to pi event tho kieselguhr from pissing thiough, 
the necessai) piesswo to ensme filti ition liemg demod fiom an an 
pump 

The filteied oxti ict fmni the lotten turnip also contuns u dinstisu 
feimeut Iw • testtuliei e«h cont umiig r t tt of the dissohed 
ferment weie diluted with r i c ( of a 1 pel cent staich emulsion ono of 
the test tubes hiiny pioviously lieen boiled After twentv foiu hours 
the test tulie with the unboiled feimcnt showed no starch teaction on 
the addition of iodine but the liodod tulie at once gave the chaiuctei 
istic 1 llll 

Sumh dustasu euz\ mes ac evuetel lij sevud othei hictena 
(Lafm) 

It will he (oinenient here t> say that adopting Migulas ilaasifica 
tiou I hue veutuied to mmi the bacterium I am desuihing 
P it n iletniftu though tho description will lie giveu later 
It his lieen established thit P Ifihurtir «, l>oth when living m a 
nut tie nt solution ind on i living tnuup o\cietos m enzymo which 
has the power of dissolving the middle limella and of tiusing the 
softening mil swelling of the cell w til 

As i fuithor result of the bacterial action as tlreodv described, the 
piotoplasm of the cells is found to have contricted become biown 
and separated fiom the cell wall showing evidence of tho action of t 
toxin secieted b> the bmtenum The sirae effect wts produced ui 
hung turnip alls when treated with the boiled pressed juice of t 
tunup which had become rotten through the influence of a pure 
cultuie of P dediuchn* The pressed juice was filtered tnd about 
10 c c drawn into test tubes, w huh w ere then plugged and sterilised 
by discontinuous boiling Sections cut by a iozor sterilised by boiling, 
from blocks of sterile, living turnip (p 444) were quickly trinsfened 
to the boiled juico ifter it had cooled, at the same time similai 
sections weie immeised in test-tubes containing the same quantitj 
of stenle watei After twelve hours a vay marked contiast was 
observable between these sections In those immersed in the sterile 
water the cells piesented the normal appearance, with the piotoplasm 
pressed dose to the cell will while m thoso in the boiled piesred 
juice the piotoplasm was dead, had assumed a brown tint, and 
contacted a wav fiom the cell wall A town, therefore, which is 
not destiojed bj boding is secreted by P dediveto** 

In his pupor “ Ueber emige Sclerotuuen und Stlerotieu Krank 
voi ixvn 3 x 
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hoiten,’ tie Buy his shown tint €»\il« iud is sccictcd by the hvphc 
of l‘< t i si In of m n in when living ns i parasite mil thit this md uts 
as i toxin in killing uid plnsmolyning tho piotoplism Wchmei 
has found th it I jnn/tUns nifn ind P in ilium / lanrim list) foim 
oxalic nud when gt owing in i sugu containing solution Oxilic 
.«id, being in nnavoidible piodiut in the motnliohsm of the higher 
plants, uid dso in some fungi, it seemed leisoimblc to suppose thit 
it might be found is u similu piodutl m the life of b letei 11 With 
thin idea I tested tht juitc expiessed ftom a rotten tiunip, ind 
found, on addition of calcium ihlonde, i precipitate which pioved to 
be calcium oxalate Cultuies wcic then untleitaken to test for the 
piesencc of oxiln uid is i piodiut fiom P ilnh i tnni K lnoth, 
made by steimmg am ill pieces of ictivcly glowing turnips until soft, 
wis neutialised by ui excess of ctlcuun t ubonate and hlternl ltwu 
then allowed to stuid overnight, when a furthei deposition of cdrinm 
took place it w is then again filtei od, clai ificcl with the white of in egg, 
steamed, filteied, uid diawn into font flisks, oath containing 130 t c, 
which ueie stei ilised A solution was thus obtained fi te tiom any o\ die 
atul which might h ive l»ocn piesent in tho tissues of the tniiup Two 
of tho flasks weie moculitod with P il< hurlin', on August 28th In 
twenty four hows they becarai tmbid, ind nftei fom days iveie ttstetl 
and found to contain oxalic uid , while the eontiol flasks showed no 
evident o of this icid, uid lem lined perfectly cletr 

} kslivititih, dso sets up an oxalic fermontitiou in Pisteui’s 
solution A litre of 1* cstevu s solution with cane wig ii w is made up 
and divided into four flasks, each of which was caiefully sterilised uul 
one sown with P <kshit hut After twenty four hows the liquid in the 
inoculated flask, which was picvionsly peifectly ileai, hetamo cloudy, 
and after a week quite opaque, 10 ee of this, when treated with a 
solution of calcium chloiide, in the presence of icetic acid, it once 
showed a precipitate of calcium oxalate, which incieised on being 
wanned Another 10 cc of the onginil solution, which had Wn 
kept bteule dunng the same i>enod, renamed quite cleai on tieatment 
with the same reagents P th'Jiurtans thus sets up an oxalic fer 
mentation in a bug u containing liqiud It has also been found that 
carbon di-oxide is given off during the piocess 

When treated with alcohol, the Pasteui solution, in which P ilrstnu 
tims had been growing foi eight days, yielded i white flocculent 
precipitate which contained the cytaso The oxilic icid, howover, 
remained m solution, and was deposited as the calcium s dt on addition 
of calcmm chlonde This calcium piecipitate, when mixed with 
manganese dioxide and treated with sulphuuc acid, yielded caibomc 
acid, which furnishes a further confirmatory test of the presence of 
oxalic acid The precipitation by alcohol affoids a ready method of 
separating the toxin (oxalic acid) from the cytase, and this explains 
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why the sections tic ited wnh the w ituy txtri t uf tho alcoholic 
pro lpitite exhibited no milked phsmolysis 

1 hit the o\ ill 10 1 fo nud l»y P t /m t i in Pistuu s solution 
nth is i powerful toxin w is vciy ekuly shown Six plugged md 
stenlc test-tidns weie pwpiled, md dwut 10 i t of the 1<imeriting 
Pisuur solution w is pome l li t» enh To tlnee ot these (belies 1) 
suftnient < ilemm culoniu w is uldcd to ncutrilisc the ovilw uul 
Both senes of tides welt then slenlisi 1 l>y discontinuous boiling, 
dining which pioecss the ytie wool 1 Ie destroyed, mil into both 
when eool freshly lit mil tcnle sc twins of tin nip weie placed 
pic]mied is des ldicd on pi^c 44G md the olutioiis dlowcd to let 
till next morning Ihe sections in tho se ond senes of Ust-tuliea 
showed i mnked tonti letion of the pi itoplism md it looked li own 
inddoul, md showed no tc n lent y to i elm n to its iiminil coucbtion 
when mimciseel in pine w itei In the hist wlneh who li cited with 
edemm ciiltotmte, the j nt»pli*m w is ipnte noimd, md exutly 
icbemhled i section which hul licen minieised m teiile ivntei for the 
sune penod 

A thud set of testtulieb wue hlled with ilwiut 10 i c ot the 
solution, these were not lioilel, uid lecened m ilemm < ulionite 
the sections introduced showed <amplete dissociituin ot the coll', tho 
cell wills giuitly swollen md the pioloplism \uy stion^Iv lontiacttd 
I his experiment with the Pistcui solution demonsti ited the pioditc 
tion of the seme cytise, md stnkui e ,ly lllust ited its etti t upon the 
pimt cell, is well is the toxi i tion if the < xdie icwl i\cn moie so 
thui wis the cisc with the sime cxpcnniint with tnuup juice 

In coiibidciiug the i fleet <f the ixdic uid upon the nils, it w 
important to note th it c lie mm peet ite, i s dt which is decomposed by 
oxihc aud with the piodnetion of c deium ixaliU, cntcis lugtly mto 
the composition of the middle limcllt A\chruci has shown thitm 
the cultivation of / j / till i/y iwl 7 / ill tin // > oxali icwl 

is formed in s icch u me solutions th it the ox die icwl piodnud uts is 
a toxin to these fungi, md gi uluilly diminishes then xigoui, and that 
when iceitam stiength his icenmulitc l no furthei development ib 
possible grow th, how ex ei, is i esumecl w hui the ox die acid is ncuti Uised 
by a udeium s ilt The miction between the ox ibe acid produced by 
P i/otnt tan tnd the calcium poet itc of the middle lamella is 
preciselly anilogons the oxihc icwl would lie neutiilisecl, and the 
pectate iepliccd by the oxilitc, ind the continued growth of the 
bacteria would thus lie lendeied possible Ihe oxalic md* then both 
acts is i toxin in killing the (ells md may also pi ty some pai t in 

• Since ihe above account ot tho for nation of oxali ai id by P dri/rmtn it wan 
written, Zopf hae publiehed i note aWo dee ub ng tho Urination ot oxalic acid by 
J5 tyliHtm, *OxaWun bddung tuich Baoteuen ’ Benchtc d D Bot Gated ' 
Feb 1900 
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the destruction of the middle 1 iraell i ind the scpaiatum of the 
cells 

lig *i shows i cell swatming with I / tutu* tho bicteiia are 
seen occupying tho intei cdlulai spues md huig m the ti ick of the 
middle limella 



lig 6—1 «I1 (run turnip uiotui»t<H with h pure culture of P detiruetaiu 
the batten* are «eeu ui tl e cell canty ancl alto along the track of the 
i iddle lamella and in the intorcellulai ipaiet lhe oell wall u much 
ewollen ut a it it jutt beginning to teparati along the middle lamella 
and at 4 the ditaooiation m more •tronglj marked The nucleus and 
portion* of the protojlatin ttill remain (Drawn with Abbe camera 
lucid 7 cim E oc 1) 

In the c iso of several parasite fungi, tho hyphse also burrow m the 
thickness of the cell wall, and the same phenomenon is now shown to 
be tiue of one p imitic schuomyceto, and possibly this is owing to 
the necessity for the neutralisation of the oxalic acid as a condition of 
existence 

Itnxymes similai in nature to that described foi -P drdmrtam have 
been demonstrated by Marshall Ward for Boinjtm and by de Bary for 
Selerottnui 

The action of this bacterium upon livuig plant tissues is precisely 
similar to that of certain of the parasitic fungi, m both cases the invading 
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organism produce* oxalic acid, which acts as a toxin to tho piotoplnsm 
and, decomposing the calcium pectnto, fnrthe? ■, tho dissolution of the 
cells ; and also there is tho sen rction of a cytnw,vv hu h has a do*ti uctive 
action upon tho cell-wall and mtci cellular sulwtance. The question of 
the parasitism of tho 1 victoria thus stands in these respects on the same 
platform as that of the fungi, and a tomplete homology is established 
between them 

At first 1 experienced <onsidouble difficulty m staining the flagella. 
Loefflei'* method was fiist tiiod, but with no jtositive iemits; it 
enabled one, however, to notice two deeply stained poi turns at either 
end of the rod. Van Kimoiigcii’s method also failed in spite of the 
strictest attention to technique, but by giadually increasing the 
strength of the vilvet mtiate, and hnally using a 2 per icnt solution, 
the desired lesult was obtained, and the bacillus was then found to 
possess mo jmIhi Jbii/illum (fig. tl) It should lie mentioned that tho 
practice of passing the <m pi -slip thou nigh a flame was discaided in 
favour of diying tho cover slip at (SO C in a water Ivith, the latter 
method being moic <citain and giving licttei lesiilts. 




i?'ig 6. — PtrHilomoiini Hut r hi taut with siii|il« polar rtsgitluni. 

spoelmniistio ami < oinpenwtmR ocular 12.) 


(Xwitt’s 1 I2th 


Ptwlomwi is aerobic A stab ml tin o rapidly develops along the 
track of tho wire, forming a funnel, the edge of tho funnel reaches the 
sides of the test-tube in about ioity-eight hours, and giadually sinks 
as the gelatine Wonies liquid. The gelatine, however, is nevei wholly 
liquefied, the liquefaction extending down the sides of the tulxi only 
to a depth of about one and a half centimetres. If a layer of gelatine 
is immediately poured uIkjvo tho stab and the test-tulie placed m the 
incubator, the track of the wire is clearly marked out as before, but 
the colonies soon cease to develop, and all growth ceases after three 
days. The tube may lie kept for many weeks in this condition. 

Again, so far as my experiments show, the <ictiou of V’* mlmtujimi 
upon turnips and potatoes only takes place in the presence of oxygen. 
The following are typical examples of experiments frequently repeated 
and always with the same resultsA flask holding about 250 c.o, 
with a tightly fitting indiarubber cork perforated to admit two glaaa 
tubes bent at right angles, was sterilised in the following manner. 
The tubes were plugged at each end with cotton wool, and the plugs 
pushed well into the tubes, the flask being also plugged with cotton 
wool, and, together with the glass tubes, sterilised by dry heat. Mean- 
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while the null iiubbct coik « is kited foi h ilf hi hou m a 10 pci 
cent sdutiou of to iiwu subhnutc llu flok haling cooled was 
thin ikut hdf hlloil with stciilt blocks of lmng turnip, piepired is 
desenkd iku mil 111m(dated with i pint cultuu of 1‘ >1 tin ft i 
Tho niilinuliltei «o k ittn \» ishcd m stuilt \\ itu w is quickly 

insetted into the H isk the gliss tulie knip, pushed through tin 
petfoi itions uni the junctions xt dcil with incite 1 wn\ Tin* lougci 
tuk (A) ii icht.il to tin kit tom of tin ihsk the shoilii (II) unit 
slightly piotrudcd diwiiwudx tluough thi <otk I he ution of tho 
luutenum loulcl k detected m tin chuim. of tvul\e hourt>, the hloiks 
chiuglug toloin mil showing signs of disintegi itinu at the edges 
Diuing feimt ntution i lonsiilet ihle qumtity ot h as was gnen ott 
whull ionhI lie tolleiteil fioni it oui i piieuniitii tiough, the fluid 
whuh sm n u. annul ited it the hottom of the fl wk usin„ in A, supply 
in,, tin lcquixitc picssme When thi longti tulie A w is left open 
and i mi flu lent supply of oxygon could diffuse into the fl isk ( itlxnut 
acid w is contiiiuilly giycn ott uid hi thi louisc ot ikmt it week the 
lontmts k< uni intmly lotten mil iiduced to t w iten mess \\ hen, 
houitei in ii picusth similu flask used is i coiitiol tlulongii tulie 
aftci i shoit intend w is dosed uid the shoitei connected with i 
tuk foi uilUitm,, mj gis piitn oft thus cutting ott the supply of 
oxygen thi isolution of CO soon leistd uid is fu is lould lie 
olisened the ution of J‘ ih hurl u uiisul dso 

locim this point i stop fiutliei mil to isuitmi limn definitely 
w hi thi i the ution ot /'* O i could tike plui m the diseiue of 
oxygen mothir senes of flisks was fitted up with the two tulms is 
alioacly desirikd thi sum piei uitions is to steiilmtion lieing 
adopted md thi pieputd blocks if tm nip intioducid and iiuxnluted 
as liefore llii shoitei tula w is now connected with a second flask 
cont lining m ilk lime solution of pytognllit uid, and tho othei with a 
bent tulie containing nieiuuy to nt is i mmoiuetei, and present any 
access of oxygen fioni the an Ihe first lesult noticed was an tvpui 
sion of the in in the fl isks, the merciuj using in tho distal lnnh The 
mcieuiy continued to use, bubbles of cokn dioxide nentuillj 
esciping imuid the lieud Thu ution, howexoi, ceasod in tho course 
of tw o day n, the ax ail iblo supply of oxy gen in the fl isk« md inter 
(tllnlir spues king o\h mated Aftei a long intenal (font months— 
June G to Octokr 5) the flasks weie disconnected, and the turnip 
blocks examined They still retamed then original shapo, and were 
only lotten supoihciill) , the pieces had somewhat lost their ngidity, 
but offered considerable icsistinco when stretched Microscopic 
examination showod all tho cells to k dead, but it was only one or 
two layers of superficial cells which showed any evidence of bacterial 
action The cell walls on the outside of the block were swollen and 
stnatod, and could k leadily separated along the middle lamella, the 
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toll w ill* in the intcnor of tin, ti^iw howovei, prosentod the tiornial 
appt nance neithei swollen nor iiiriih isoparatuig 
Contio! e\peiimonts «uo net up in ninth altci font dajs, the 
m inonu tu mil ]»vi <>k tlhc ft isk wuo disconnected, and tho air allowed 
to diffuse into the disks upon subsequent tv munition tho blocks in 
these imt found to hue Is tonic loiupletch totten Wo may thus 
mftt th it tht Mttimif /' h*tni hm only pt meeds so fir is u supply 
of o\tu< n is n iiliblt 

I’ot itias as will is turnips wtit employed in those expeumonts and 
tlu iosults in tilth tisi were tho simc oxcepl tint with the putito 
when the ffask w is lonncittd with the pyiogdht disk uul nanometer, 
immtdiateli dm the u audition of the blocks no hubbies of CO. 
wen (listutd to iscipt tound tlu liend uid then u is no indication of 
tilt lot 


< lit f Psiiulonioims lit shut tans 
11 I I On ^uwiiiwC till tups pudium., i ‘ White Kot in tho bung 

M /hit u Shoit motili iods xh/ with i single polai da 
gellnm 

( ulfui t m null I e mult in the piistnce of ov>gen 
Gilitin 1 it i ( j it Loans uiailu (domes of whitishgrey 
li(|Utfl gi latint 

s l I l ilt (iiows i ipidli ilon^ the track of the wire, 
tot mi tif, i fuimilshtped tula of liquid golitmo with i white, 
tloudi deposit ill tht liquid poition 
/I /i White gli/i giowth 
J inii/'t (turns i ipidli is i |Mtiustti 
J’ilito hhI ( lit Sunt odtit is on tht turnip 
D it it \ogiowth hs i jmiasite 

1, th ~Kck h s laHullon and tui nip Women tloudi and opaque 
/ ini uh A titisc ( msiiig the swelling tnd softening of the cell 
w ill and dissolution of tho middle lamella 

A (hast ist \ poptoinaing feiinent, pi educing ltquefac 

tion ot gelatine 

7 1 in — (Kilu and burned « i pioduitof metabolism m tunup- 
juite and in pHsteur a solution eont lining cano sugat 
Shuns — Roadili stained with the ordinal j aniline dyes, but not with 
Oram’s method 

Hmrtion —Residual piialuct always acid 

Copious evolution of carbonn aud during tho fermentation. 

Among lanous hActeua at present noted as causing plant disease*, 
that dcsentied bj Kramei as attacking the potato (N uwfatde) approaches 
most uearlj to the one which w the subject of this paper Kramer's 
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baullub vgues in liquefying gel ttine very 1 ipidlv, uni it lesti tin 
middle limelli, ind fin illy the cell w ill The bi/c of the b tele num 
as given by Krvmer is from 2 3 /i long and 7 8/ihioad vciy nciily 
the same dimensions is those of the tnrinp liactcimm kiunui how 
ever has not mmed his bacillus, md he nukes no mention (t the 
flagellum He descubes two stiges m the decay of the p»titoes 
hirst m uid stage luting which bntync icul uul c iiljonu uid ue 
given off in this stige the sugtis, then the liiteicellul u snlistiiice, 
and finally the cell v ills ue destioyed the stmh u not itt i kel 
Subsequently the pioteids ire 1 loken up with the foimitnn < f 
ammonia methylimine tiimethylamiiu uid othei pi (shuts in this 
stage the mds ire neutialise 1 In the utiouof / / h If upon 
turnips ind potitoes uIiotik icul is given off nd the rei ti >n of tht 
pulp is dw lys Kid On cieiun^tn i honn diiienl he dill not 
definitely state thit lmtyi i uid methylimine, md tnmeth} 1 inline ue 
also pioduced he wis of opinion that they ueie picsent but that the 
decomposition is of i moie ccmplicitcd nituie Jill difteis 
fiom ki unci s 1 inline in secieting i di istase uid dwaysy idling m 
acid product imthei, 1 1 rt as liquefies the gelatine m nnulai 

aieis the leif bke formation desenbed ly Ki imei never having Ihcii 
ohscived nor hive lever found the appai ently unjointed thieids is 
much is lfip long upon nutnent plates Pinmiel md Smith h ive dso 
desenbed a / udotnoiuu (P i/impr hu) which causes i brown lot in 
the loot and lcives of vauons muifeious plmts evidently quit i 
distinct foim 

The ictum of the butena upon the ell will of the highu plmts 
has been studied by several ohsoveis \ in Tieghtm piol illy 
woiking with mixed cultures has aseiilied the dcstiuction »f cellulose 
t a ht till m/llxiti Vm Seims has isolated ui enzyme aiul demon 
strated its solvent powei upon cellulose fiom two hi ton me 
anaetobic, living Hvmbiotically Mmogiidsky md tidies hive 
isolated ui mieiobit bictennm whnh dissolves the middle limellain 
the process of flax letting, and sets tiee the bast fibres, without, 
howevei hiving my iction upon the (dlulose Aithui isciilies the 
action of bictern m the Inctenous of ainations to m ui/yme but 
without isolating it 

Fill quite recently I was unaware th it my one hud isolated fr >m the 
bacteria in enzyme capable of ittucking the middle laniellu of living 
cells, and thus causing i plant ebsease Lintents valuable paper, 
“ Recbei ches Expel imentales sur les Maladies des Plantes, I only 
obtained in 4ugust of this year It was published in December, 1898, 
simultaneously with a preliminary paper I toad at the University of 
Durham Philosophical Society, but pienously, is eaily as January, 
1898,1 made a bnef report to the Royal Society embodying the results 
of my work, vu, the isolation of the specific bactciium causing the 
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White hot of turnips, uni the isolation if an on/)nit, which 
dissolved the middle lamell i and t uised softening md swelling of 
the eell wall The picssuto of teuhmg hot. pi evented my publishing 
the complete papei soouel 

Laurent in his investigations upon the potati m I the nists f its 
gieatoi oi less resistance to liacteml hscasc iIko estel>1 shed the 
existence of a ytise which dissolved the mid lie ltmellt i ipidly 
softened the all tissues uul msed the dmggicgitinn of thi ell* 

The organism which wis the hief suljectof 1 iiucnts useii hes 
K th rum n m vci) laid) cipahle >f living is i pu isite upon 
potato-tulieis in l othti plants Hi stites tint it wm lit cssiiy tot 
the tulreis to lie lepiived if tcsistuioe ly meins of i\cptionil 
eultiues to cnaltle the hieillus to levelop upon the ] >tato from 
that fioitit its viruleure w is ineleaaed by successive cultu itioiis iijsoii 
tulreis if slight lesistm e until vaneties it hist highly lesistanl ended 
by lietoming m\ wild ly the pu isite lhe vitulcnie list pptued as 
soon is the mi r ibt rased to lie cultivited n t living tulre ultuies 
in untntive silutions suffice l to suppiess the iptitude ol the p» i vsite, 
ind hencefoiwu 1 it ould inly lie lest ic 1 dtei sjieciil pi ip nation 
in dkaline solutions 

/ hi 1 i in the ontiai) flomishe I hi liututm media u 1 
ivtn aftci mmy eultiv itioiis eotilrl it idily leu i ulited fi >m these in 
to pieces of living turnip producing ill the ette ts if the lot m diout 
twelve hums cultuies Imth on nutiitivc me In union th* tin nip dso 
lapnlly invaded the tissue of the (total! Whethei theiefne it his 
my existence in i sapmphitic trim n not it has evidently liecome 
stiongl) established as i jiuiasitc itta km n the tin nip n I piol d ly is 
not confined to the tuimp alone 

Wehmet has recently ittempted to show that liucteiii aie not 
parasitic 1 hi the ase ol the wet tot (\ *ssf mle) of tho potato, and that 
then action is mil) secondaiy He m uutains thit liietnn only ittaek 
dead ot unhealthy tissue that the u umth uid moist me of the 1 imp 
chamlicis impair the health of tho cells, uul infection is only possible 
undu conditions which icndeis the tissues mnihul The wet iot, 
Wohmer siys, Imgnw with v maceiatini if tho tissues lietween the 
scpaiating dead celb numeious small bubbles no to lie seen uul masses 
of i small rod like schi/orayceto lhe initial stige is one if pectin 
feimentation, succeeded by cellulose teimentation With those 
processes aie associated two special foims of hacteiia Wehmers 
description of the lotting tissues agues with my own, but he makes 
no mention of the on/yme nor of cultures of the bacteria His 
ronchwons that bactei la ato not parasitic cumotbe accepted m view 
nf the isolation of the special enz>mo by lament tnd myself, and ot 
my experiments proving the infection of sound, healthy turnips when 
growing tinder perfectly natural conditions 
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From numoroua olwervations in .the fields, I hHve come to the 
conclusion that 1\ destructives is always introduced at a wounded 
surface Kxcopt in caws in which the decay has proceeded to a largo 
extent, the |>oint from winch tho decay spreads is always indicated by 
a wound in the opidurmu and suhjarent tissues This observation is' 
supported by tho failui o to infect soiuul loots excopt by first making 
a small incision, and from numerous trials it would appear that 
P. Mm tuns is powerless to set up decay unless placed in contact 
with the paienchyniiKclls of tho cortex. Wounds caused by various 
snails, slug*,and lai by which the bacterium could gain an entrance, 
are frequently to l>e soon on the roots, and I have no doubt the 
hacteria gain an easy entrance by this means. That slugs cun and do 
carry tho various disease producing organisms has been shown by Hmith 
in the case of the cnbliago brown rot by A<ii iulmm < mjiestis and the 
lurvie of PIhmh lnr#uu, and of tho tomato brown rot by the larva? of 
tho Colorado hoetlo. (» Wagner’s uxpenmenth also conclusively prove 
that tho spores of v.uions jiarusitic fungi are very commonly distributed 
by snails. 

Bacterial disease of tiu nips is much more common than is generally 
recognised, and the one now doscriliod is often veiy destructive to the 
Ciojib, not only in the held but in store during tho winter. On 
examining numerous s|>ei'uuent> scut me for investigation, I speedily 
found that what is generally known as “fingoi and toe” or “ grub,” is 
by no means confined to Plnsmnhiplmiu but that many other 

orguuisms, oitkoi singly 01 in combination, play a very important part 
in tho destruction of living turnips and swedes. Finger and toe is 
everywhere so prevalent that in considering tho nature of turnip 
attack it is often too hastily assumed that PI. Imiuua is tho sole 
cause of the disoaso, anil that tbu other effects are merely secondary. In 
addition to Iwetoria and PI linissiui, I have found the turnip and 
swede ci ops to 1>e attacked by Ftminum and also by Hutii/ti*, and it is 
probable these do uot exhaust the list of vegetable parasites for this 
crop, but fui ther research is necessary before it is possible to separate 
the various organisms and assign to each its iuh. 
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(►nan tin Unmn Institution 1 

Lhstenipet in no fatal « disease of dogs, mote paitu ulai ly of mu.Ii .is 
aro highly bred, that it tnothotl ot pi denting iinamon by the disoase 
has always lieen a dosideratnm. 

As tho result of investigations into the kictertolugy of thii disease, 
carrietl out? in coutiuuaiKe ot those commented in my btboviitoiy at 
•St. Thomas’s Hospital id tout ten j ears ago lay the late Everett Millais, 
I find that the specific micro-organism concerned is a small cocto- 
hacillus, which stains with the ordinary aniline dyes, hut is decolorised 
by the method of dram. It grows readily on the surface of agar at 
body temperature; the individual colonies when isolated by the method 
ot plate-cnlture having a greyish, glistening, semi-translucent appear- 
anoe by reflected light, and a light-brownish tint by transmitted light. 
The general form is circular, but occasionally, and specially iu primary 
growth*, the edge is somewhat irregular. The microbe also grows well 
in beef-broth, canning at first a general turbidity. latter on, a deposit 
to the bottom of the tube, and the supernatant liquid liecomes 
aomewhat clearer. In cover-glass preparation* from broth cultures 
$»e bacilli are not infrequently found united together to form chain*, 
sometime* of considerable length. The lmeillus is capable of growing, 
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though comparatively slowly, on solidified blood seiiun and ilso m 
milk which does not become coagulated On potato it develops with 
difficulty, lmt now uul ig tin aftei some days incubation a moist- 
looking streak of a pale butt coloui may l» olaened If gelatine be 
inoculated giowth occuiu slowly at the tempo ituru ot tho room, and, 
aftei a tune the medium tends to become liquefied 

bnowth on agar can le earned on week aftei week for i gieat 
numliei of generations but if ter a lozen lemoics or so its moipho 
logical md biological thaiacteristica aic found to h tvo become some¬ 
what titered An iccoiuit it these \ ti lations tnd of the jiathological 
histology of the disease 1 piopose to publish sulisequeiitly 

In unnltr fashion the pathogenetic proper tics of tbc micio-oigtniBm 
appear to become gi tduilly weaktned but by rtpeited inti t peritoneal 
inoculations m the gurnet pig its vuuluice may lie regained 

The injection 1 eneatli the skm of the tlidoraen in a dog weighing 
7 kilos of 1 c c of t 1 1 ith culture seven dtys old denvod m turn 
from an igai subcult ic induced in ittack of ibstempei, which 
teimintted fatally in tltut a week fiom the time of inoculation In 
t huge number of ithei dogs oxpeiimuited on by Millais or myself a 
generally nonfittl itta k has followed on inoculation of tho nasal 
mucous mcml raue 

bpemlly chaiactciisti ot tho rlisoast intonti »i illy pioduced is the 
fact that the unmtl exhibits timing the attack i marked anti pio- 
gressive loss of weight ()f othei symptoms >f the malady so well 
known to all logbieetlers those which ire usually most maiked ue 
the icsult of mote oi loss a ute mflammition of the vaiious mucous 
surfaces 

On postmortem exiiuiuntion 1 have genu ally tound the whole 
tespiratoiy ti act to be specially attettui, the lungs sometimes showing 
pneumonic consobdatiou throughout almost their entire oftent The 
trachea is apt to be congested an 1 to contain a quantity of mucus* 
while the eyes and nose ire blocked with a puiuleiit or muco-pmulent 
discharge By making agar plate cultn ations from the exudation from 
the lungs, from the ti icheal mucus, oi from the nasal secietion, the 
specific bacillus may be isolated—from the first two situations, often in 
almost pure culture 

Examining animals which have died turn distemper, whether result¬ 
ing ftom experimental inoculation or contracted m the ordinal j fashion, 
I have uevu succeeded m obtaining cultures eithet fiom the blood 
obtained from the heart with aseptic piecautions, or from the bver, the 
gallbladder, the kidney, or the spleen Pressure of other work sinoe 
joining the Medical Staff of the Loeal Government Board, has presented 
tty having the opportunity of examining even inoculated animals at 
immediate stages of the disease in severe forms, or, doubtless, it might 
yjjjjjw been found possible to isolate the bacillus from one or other o! 
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these situations. In one instance, in which the blood-vessels of the 
brain were found to be much congested, inoculation of a tube of sloping 
agar with a large platinum loopful of cerebro-spinal fluid, well spread 
over the surface of the agar, resulted in the appoarance of half a 
dozen isolated colonies of a pure cultui o of the distemper bacillus. 

By heating a broth culture of the luicillus at 60' C. for half an 
hour, and sultsequently adding a small quantity of carbolic acid as a 
preservative, a vaccine is obtained, which acts in similar fashion to 
those dexised by HufTkino and Wright for use in the prevention of 
plague and enteric fever respectively. Thu vaccine may l>e standardised 
after the mannei originally suggested by Wright in connection with his 
work on enteiic foxei 

The dose must obviously vary according to the size of the dog, but, 
as a guide, it may lie mentioned that I have found, in throe instances, 
that the injection of 2 c.c of the sterilised culture of tho bacillus is 
apparently sufficient to protect fox-temer puppies weighing about 
1£ kilos, against attack by distemper, while an unprotected puppy in 
the same hatch contracted the disease oh introduction of an affected 
dog. I fmd also that guinea-pigs can lie protected in this way against 
the effects of a dose of living culture, which would ordinarily prove 
fatal in aliout forty-eight hours. As rogaids the exact length of time, 
however, during which such protective effect may last, no definite 
statement can as yet he made, but a series of teste on a large scale are 
in process of being carried out by dog-breeders in this country, in 
Germany, and in America 


" On the Tempering ot Iron hardened by (Iverstrain.”* By .Tames 
Muib, B.Sc., B.A., Trinity College, Cambridge, 1851 Exhibi¬ 
tion Research Scholar, Glasgow University. Communicated 
by Professor Ewing, ¥ R.S. Received July 11,—Read De¬ 
cember 6,1900 

(Abstract.) 

It is well known that iron hardened by overstrain, foi example, by 
permanent stretching, may have its original properties restored again 
by yinwding, that is, by heating it above a definite high temperature 
and allowing it to cool slowly. Experiments described in the paper, 
of which this is an abstract, show, however, that if iron hardeued by 
overstrain be raised to any temperature above 300' C., it may be 
partially softened in a manner analogous to the ordinary tempering or 

* The work described in thi* paper it s continuation of that slmdj detcribsd 
in a papsr by the preaent author "On the Recovery of Iron from Overstrain," 
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‘ fitting down of steel whuh has been hardened by quenching fiom a 
ted he it This tempering irom a condition oi hardness induced by 
overstr tm, unlike oidnmiy tompetmg, is ipplicahle not only to steel, 
Imt also to wiought iron ind possible to othei matomls which can be 
haidcnid by o\erst run ind softened by annealing 
The expenments described in the pipoi who all tamed out on tods 
f non md steel about H ths of m nub in di under uid 11 niches long, 
the cl istie mdition of the matin il liemg in ill c isis determined by 
me ms of tension tests m which thi hardness of the mateml w is indi 
tated by the position of the yield point Ihi straining was pufoimod 
by minis of tho '50-ton testing m ichine of the Cambridge Engineering 
Laboi itoiy md (be small stiams of extension weie measuied by an 
ixtonsometer of Professm b wings design, which gave tho extension on 
a 4 inch length of the specimen to the 1/100,000th of in inch 
Foi the pm pose of tempeung uid innenhng, i gis furnace was 
employed 2 feet m length, tho specimens being protected from dnect 
contact with tho flame by inclosing them in a thick porcelun tube 
The temperatuic inside this tnlie was determined by me ms of i Cal 
lendar s dnect leading platinum resistance pyiometer 

The mothod of examining the materials employed is illustrated by 
the following two diagiams, m which tho m item.1 examined is i \ inch 
lod of semi mild steel (0 35 per cent C 1 pei cent Mn) * Crnve 
No 1 of tho first diagram shows that this steel when in the condition is 
supplied by the makeis gave i well defined yield point it ibont 38 tons 
per equate inch, the miteiial yielding at that stiess by 0 13 of an inch 
on a 4 inch length 

Curve No 2 lllustiales the semi plastic state of the mateiial, pio- 
duced by just passing this primal y yield ponit The specimen was 
laid aside for If days, then once moil tested ind Cnne No 3 shows 
the progress made during this interval of rest tow irds recovery of 
elasticity Curve No 4 shows the condition of the overstiained 
material aftu it had lieen testing foi two weeks To insure pei feet 
recovery of elasticity, the specimen was heated to 200° C, but a few 
minutes at the tempuature of boiling water w ould have been nearly 
as effective in restoring the cl isticity lost by overstrain t 
After cooling, the specimen was tested by reloading and carefully 
mci easing the load above its previous maximum amount tiD a well 
definod yield point was obtained at 49 tons pei square inob, as shown 
by Curve No 6, the yield point having thus been raised by the large 
step of 11 tons per square moh The yielding which occurred at this 

• Petal* ot the epeciel method adopted in plotting these disgnuns will be found 
m the author’s prenou paper “On the Recovery of Iron from Orentrein ’ ' Phil 
TitaeV A, toL 198 1899, p 1*. 
fiM ,p a 
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yield-point was the name <u> obtained in the fii'st test of the specimen, 
namely, 0’13 of an inch on 4 inches. 

The material .iftcr this second overstrain wins once more in a semi¬ 
plastic state. A cui’ve obtained immediately after the overstrain 
would have lteen similar to Curve Xo. 2, bnt the loading could have 
been continued up to 49 tons pei square inch. Had the loading been 
continued Itcyond this amount while the material was in the semi¬ 
plastic state, large yielding would have taken place, and fr.wtnre 

Diaokam 1. 


(hieel a* -u)>]>l]til.) 



Curve 1. Primary te*t. i Curve 4. 2 week* niter I. 

„ 2 Shortly after 1. ' „ 1 Alter heating to 200 C. 

„ 3. If d»y» „ 1 . , 0. „ 


would have occurred at probably a very slightly increased load. JKe- 
oovery of elasticity was, however, effected ns before, by heating the 
specimen to about 200° C., and allowing it to cool. It was known as 
the result of earlier experiments* that the yield-point of the material 
would be raised by this process through a second step of 11 tons, so 
that the specimen should not yield until a stress of 60 tons had beat 
applied. 

Curve No. 6 of Diagram 1 shows that the specimen bore the stress 
of 60 tons* but that with 60J Ions per square ineb, a yield-point and 
fracture occurred. 

Diagram No. 2 shows that annealing altered in an interesting 
• p. 91. • 
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manner the elastic properties of the steel whose virgin properties are 
illustrated by Diagram 1. The primary yield-point was considerably 
lowered by annealing, and the step by which the yield-point was raised 
in consequence of overstrain and recovery from overstrain was con¬ 
siderably reduced. 

The material in the condition as supplied yielded (as is illustrated 
by Diagram 1) at 38 tons per square inch, and after the yield-point 
had been raised by two steps of 11 tons, fracture occurred at 60} tons 
per square inch. The same steel, after annealing at 760° C., is shown 


Diaobuc 2. 

(Steel annealed at 760° 0.) 



Extensions, / Unit - g^ss^ of an jnoh t_LJ 


Curve 1. Primary teat. Curve 6. Altar heating to 800“ 0. 

„ 2. Shortly after 1. „ 6. „ „ „ 

„ 8. If dayi» „ 1. „ 7. „ „ 

„ 4. 2 weeks „ 1. „ 8. „ „ „ 

by Diagram 2 to have yielded at 29 tons per square inch, and finally 
to have fractured at 59} tons per square inch, after the yield-point had 
been raised four times by a step of about 7} tons per square inch. 
The }-inch steel rod when in the condition as supplied by the makers 
was thus shown to be in a state of hardness possessing oertain dis¬ 
tinctive properties. 

It was found that the steel in the condition as supplied could be 
tempered or partially annealed by heating to various temperatures 
lower than the ordinary annealing temperature of about 760“ C. ■»—t 
Hie following table illustrates this tempering from the condition as 
supplied, the material being a rod of steel very similar to that referred 
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to above. The •• steps ” tabulated in the last column are the amounts 
by which the yield-point* were raised in consequence of overstrain and 
recovery from overstrain • 


Condition nl the 
material. 




A* auji|diocl. 

An noil ed at flOO' C . 

„ <I50 J .. 

.. 700-“ „ .... 

„ ., 730 „ .... 

„ „ 7H0 ., .... 


0" '10 ou I melica 


0" ‘16 „ 
O' -16 „ 

<*"•07 , 


IX toii»fin.- 

Oi ~. 

9 

8 


In order to show the tempeimg of steel haidcitcd by tensile nver- 
strain, a specimen of at mealed steel was ovei strained in a manner 
analogous to that illustrated by Curve* 1, 3, ami ft of Diagram 2. 
The materia], after ictoteiy fiom overstrain, hud thus lwen brought 
into a condition of hardness, which enabled the specimen to lie hauled 
to 30 tons per square inch without a yieldqioint being reached. The 
specimen was then subjected to a senes of tests after lasing heated 
successively to various tempemtui es, the insult lieing to show that 
810' C. produced no softening of the material, 360' C. lowered the 
yield-point to 47 tons; 300,600and 700 0. lowered the yield-point 
to about 40, 35, and 30 tons per square inch i espectively. 

It was further shown that the same temperature brought the yield- 
point to approximately the same stress, no matter what might lie the 
original hardness of the specimen under test, and that the harder the 
material was made by tensile oventrain--that is, the higher the yield- 
point was raised by permanent stretching- the lower was tho tempera¬ 
ture which could be shown to produce a slight tempering effect. Thus 
in the ahovo instance had the material been made harder (by further 
overstraining) than was shown by the elastic range of from zero to 
30 tons per square inch, then possibly tho temperature of 310' C. 
would have produced a Rlight softening of the hardened material; a 
temperature of about 300' C. was, however, found to lie the minimum 
temperature which had a tempering effect on the hardest condition of 
steel tested. 

The tempering effects which have been ascribed above solely to tem¬ 
perature, were found to be influenced to some extent by time. Thus 
it was found that by baking a hardened specimen for several hours at 
any temperature a greater effect was produced than by simply raising 
the specimen for a few minutes to that temperature. The effect of 
timo was, however, small compared with that produced by increase of 
temperature. 

VOL. iiXVij. 2 r. 
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All the results which are described nlwve for stool wore also obtained 
with Lowmoor iron. The hardening by overstrain and the tempering 
of soft Low moor iion only differed in detail from the analogous harden¬ 
ing and tempering of steel 

The iron and stool employed in this research wore also examined, 
when in various conditions of hardness, by means of the microscope, 
and micro-photographs are reproduced in the paper. The ordinary 
methods of relief polishing and of etching In dilute nitric acid were 
employed, and a new method of stunnng steel, by rubbing with ordi¬ 
nary moistened cocoa, was made use of and is descnliccl ui the paper. 


Jh rrmbvt 13, 1900 

Sir WILLIAM HUGGINS, KC.B., D.C.L . President, in the Chair. 

A List of the Piosents received was laid on the table, and thanks 
oideied for them. 

li> pursuance of notice sent to the Follows, an election was hold to 
fill the vacancy upon tho Council causes! hi the letiicmentof Sir .lohn 
Wolfe Barry. 

Tho statutes relating to the election of tho Council, and the statute 
relating to the election of a Memlier of Council upon tho occurrence of 
a vacancy, were read, and Professor Dew ai and Mr. Godman having 
been, with the consent of tho Society, nominated scrutators, tho votes 
of the Fellows present wore taken and Mr. Joseph Wilson Swan was 
declared duly elected. 

The President made the following statement concerning the Inter¬ 
national Catalogue of Scientific Literature:— 

“ As stated in tho Report of Council presented to the Society at the 
Annii crony Meeting, the President and Council offered to become the 
Publishers of the proposed International Catalogue, on behalf of the 
International Council, and to advance the capital sum needed to start 
the enterprise. 

“I have now the pleasure of announcing that the International 
Council of the Catalogue, which met yesterday and to-day iu the rooms 
of the Society, has accepted the offers of the Royal Society, and that 
this great undertaking, which has for several yean engaged the earnest 
attention and demanded the continued labours of the Koyal Society, as 
well as of other scientific bodies abroad and in this country, is now well 
on its way. The International Council has laid down all the necessary 
regulations, and prepared all the necessary instructions, for carrying 
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out the task of collecting and editing, and it only remains for those 
who are taking part in the preparation of tho Catalogue, to do their 
best to securo that the Catalogue shall fulfil the hopes which hare 
l«e» raised. 

“It gives me great pleuHiiro to make this announcement in the 
presonce of several of our foieign hrethieu, whose cooperation has 
tended so much to tho success of the enterprise " 

The following Papers were read-— 

I “On the .Spectrum of the inoic Volatile Oases of Atmospheric 
Ail. which aie not Condensed at tho Temperature of Liquid 
Hydiogen. 1'ielimiiiary Notice ” Bt Piofcwu H 1). Livkinh, 
F11.S, and Professoi James l)r,w \«, F Rs 
II. “ Additional Notes on Uonldeth and other Rock Specimens from 
tho Now-lands Diamond Mines, Diiqiul.ind West.” By Pro¬ 
fessed T (« Bonnkv, F.ll.S • 

Ilf. “The Distribution of Vettehrate Animals in India, Ceylon, and 
Burma ” By YV. T. Bmnkoiiii. LL.I>. F 11.S 
IV. “ Elastic Solids at Rest or in Motion in u Liquid " Bv C. CllKKK, 
F.RS. 

The Society adjourned over tho Chustnus Recess to Thursday, 
January 17, 1901. 


*• Ou the Spectrum of the mote Volatile Oases of Atmospheric 
Air, which awe not Condensed at the Temperature of Liquid 
Hydrogen.—Preliminary Notice.” By S. D. Livkinu, M.A., 
D.,Sc., F.K.S., Professor of Chemistry, University of Cam¬ 
bridge, and James Dewak, M.A., LL.JJ., F.R.S., Fullorian 
Professor of Chemistry, lloj-al Inatitutioii, Loudon. Revetted 
November 15,—Read lJecemlier III, 1900 

In August last some tubes wore filled at low pressure by an im¬ 
proved process with the more volatile gases of the atmosphere.* The 
air was liquefied directly from that aliovc the roof of the Royal 
Institution by contact at atmospheric pressure with the walls of a 
vessel cooled lielow - 200” C. When s)>out 200 c.c. of liquid had 

* In this paper we dewribe reaenrebe* in continuation of thoae previously com- 
am abated to the Sooiety by one of u«, in • psper entitled " Application of Liquid 
Hydrogen to the Production of High Vacua, together with their Bpeotroeoupfc 
Jttamination," ‘ Boy. Boo. Proc.,' rol. 64, p. 331. 
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condensed, communication with the outer air wu* closed by a ntop- 
cock. Subsequently, communication was opened, through another 
stop-cock, with a second vessel cooled by immersion in liquid hydrogen, 
and a part of the liquid from the first vessel, maintained at -210'*, 
was allowed to distil into the second still colder vessel. When almnt 
10 e.c. had condensed in the solid form in the soiond vessel, communi¬ 
cation with the first vessel was cut, off, and a manometer showed a 
pressure of gas of about 10 to 13 mm. of mercury. 

This mixture of gases was passed into tulies previously exhausted by 
a mercury pump, but Indore reaching the tubes it hud to pass through 
a ll-tnbe immersed in liquid hydrogen so as to condense less volatile 
gases, such as argon, nitrogou, oxygon, or carliouic oxide, which might 
he carried along by those more volatile. Previous trials with tula's filled 
in the same way, except that the U-tulie m liquid hydrogen was omitted, 
showed that these tu)>cs contained traces of nitrogen, argon, and com¬ 
pounds of carton. The tubes filled with gas which had jxissed through 
the IJ-tulie showed on sparking no spectrum of any of these l.istr 
mentiouod gases, but showed the Rpoctru of hydrogen, helium, and 
neon brilliantly, as well as a great many less brilliant rays of unknown 
origin. In addition, they showed at first the brightest rays of mercury, 
derived, no doubt, from the mercury pump by which they had been 
exhausted liefore the admission of the gases from the liquefied air. 
After some sparking the mercury rays disappeared, probably in conse¬ 
quence of ahsoi-ption of the mercury by the electrodes, which were of 
aluminium. 

In one experiment the mixture of gases in the second vessel, into 
which a fraction of the liquefied air was distilled as alum* desmlied, 
was pumped out without lieing passed through the U-tube in liquid 
hydrogen and examined. This mixture was found to contain 43 per 
cent, of hydrogen, 6 per cent, of oxygon, and 51 per cent of other 
gases—nitrogen, argon, neon, helium, &c.—and it was explosive when 
mixed with more oxygen. This shows conclusively that hydrogen 
in sensihlo proportion exists in the earth’s atmosphere, and if the oarth 
cannot rotain hydrogen or originate it, then there must be a continued 
accession of hydrogen to the atmosphere (from interplanetary space), 
and we can hardly resist the conclusion that a similar transfer of 
other gases also must take place. The tubes containing the residue of 
atmospherio gases uncoudensed at the temperature of liquid hydrogen 
we have examined spectroscopically. 

On passing electric discharges through them, without any condenser 
in the circuit, they glow with a bright orange light, not only in the 
capillary part, but also at the poles, and at the negative pole in 
particular. The spectroscope shows that this light consists in the 
visible \»rt °f tb6 spectrum chiefly of a succession of strong rays in 
the rod, orange, and yellow, attributed to hydrogen, helium, and neon. 
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Besides these, a Mist muni an of mys, geueially loss brilliant, are 
disti touted through the whole length ot the visible spectrum. They 
ere ohsciuod in the ipcctiuni of the capillary part of the tulie by the 
greater stiength of the soiond spectrum of hydiogcn, but are easily 
seen hi the sjiectmni ot the ncgativ e pole, whicii does not include the 
second spectrum of hvdiogeu, in onlv faint traces of it. Putting a 
Levilen jhi in the uiiiut, while it nnne 01 less completely obliterates 
the sotoiul spectrum of hyihogeu. also hus u similar effect on the 
gru.itoi |mi t ot these othei r.iys of, ns vet, unkiiow n origin. The 
violet and ultra-violet pint of the s|iettrnin seems to rival in strength 
that of the lisl and yellow i.ivs, if we ni.iv judge of it liy the intensity 
of its impressions on photogiaphu plates. We were surprised to find 
how vivid these impressions aie up to a wave-length 314, notwith¬ 
standing the o]Muitv ot gl.iss tin rays in that part of the spoctnun. 
The photographs vveto taken with a quarto caleite tram, but the rays 
had to piss through the glass of the tulio containing the gases. 

We have made appioxiumtc measiiicmcnts of the wavo-Iongths of all 
the lays which are sufheiently strong to lie seen easily oi photographed 
with an e\postue of thntv minutes, and givo a list of them below. 
These wave-lengths aie computed to Rowland’s Hcale, and wore deduced 
fiom the deviations produced l»\ two prisms of white flint glass for the 
visible, and ol ealcite for the mv lsible, i ays. The wav e-longths assigned 
to the helium hues are those given by Range mid Pascheu, and some 
of these lines were usod as hues of rofoieuee In general, the iron 
spark sjjectiiun was the standard oi icfcrence. 

Tlie tidies when hist e\iimiued showed tho lines of the hist spectrum 
of hydroguu vividly, and the earlier photographs of the spectrum of 
the negative polo contained not only the violet lines of hydrogen, Imt 
also the ultra-violet senes as fai up as A. 377. In order to get impres¬ 
sions of the fainter rays, exiawures of halt an hour or more were 
roquiral, and a succession of photographs had to lie taken so us to get 
different sections of the speetnun into the middle of the field, where 
measurement of the deviations would not lie impoded by the double 
refinetiou of the ealc spar. As the light of the negative pole only was 
required, the electric discharge was made continuously in one direction 
only, with the rosult that the hydrogen lines grew fainter in each 
successive photograph, and soon disappeared altogether. Along with 
the ultra-violet rays, tho less refrangible rays of hydrogen also dis¬ 
appeared, so that no trace of the C or F lino could lie seen, nor yet of 
the second spectrum, so long us the current passed iu the same direc¬ 
tion ns before. Reversal of the current soon made the F line show 
again, so that it seems that the whole of the hydrogen was driven by 
the current to the positive pole. The conditions under whieh this 
ultra-violet series shows itself are a matter of interest. It appears 
here in the midst of a brilliant spectrum due to gases other than 
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hydrogun, and yut it is \ciy difficult to obtain a photogiuph of it when 
no gas but hydrogen is known to be present, or, at least, to U-cuiue 
luminous in the electro- dinchiuge 

We have had an o])poitumty ot comparing the spot mini of the 
volatile residue ot air with that ot the more volatile pait ot gas from 
the Bath spnng. The tulie did not admit of the separate examination 
of the light from the negative pole, but was examined end-on, vo that 
the radiation probably included rays emitted from the neighlsmihood 
of the negative pole. The whole ot the hydrogen had been removed 
from the Bath gas, but not all the aigon. In the speetium of this gas 
the mys of helium are dominant, decidedly stronger than those of 
neon, although the latbci ate veiy bright. In the spectrum of tho 
icsidiie of atmosphune air, the proportion of helium to neon seems 
reversed, tot hi this the yellow noon line is as much more brilliant than 
the yellow helium line ns the latter is the more brilliant in the spectrum 
of Bath gas. All the prominent lines in the spectnini ot the volatile 
lesidiui of Bath gas were also ill that ot the lesidue ot atmospheric 
air, except the argon hues. Thoro were, on the other hand, many lines 
in the latter not tiaceable m the former, some of them lather con¬ 
spicuous, such as the ray at alwut A 4(i*U. It is, of course, probable 
that such rays are the outcome of some material not contained in the 
Bath gas. A very conspicuous pair of lines appears in photographs of 
the spoctriun of the air residue, at aliout A .’1587, which is not traceable 
in the spoctmm of Bath gas. The helium line, A 3387*4, is seen in the 
latter spectrum, but is quite olwcurod in the iormor spectrum by the 
great intensity of the now pair. This helium ray is really a close 
double, with the less refrangible component much the weaker of the 
two, but the new pair are wider ajiart, and ot nearly equal intensities j 
this character also distinguishes them from the strong argon line at 
A 3688-6. They aro, however, very nmcb more intense at the negative 
pole than in the capillary, ami it will require a good deal more study 
to determine whether these rays, and many others which we have not 
tabulated, are flue to the peculiarity of the stimulus at the negative 
pole, or to tho preseuoe of a previously unrecognised material. 

As our mixture of gases probably includes some of all such gases as 
pervade interplanetary and interstellar space, we early looked in their 
spectra for the prominent nebular, coronal, and auroral rays. Search¬ 
ing the spectrum about A 5007 no indication of any ray of about that 
wave-length was visible in the spectrum of any one of the three tubes 
which had been tilled as aliove described. Turning to the other green 
nebukr line at ahont A 4950, we found a weak rather diffuse line to 
which our first measure assigned a wave-length 4958. The correctness 
of this wave-length was subsequently verified by measuring with a 
mterometer eye-piece the distances of the line from the helium lines 
htfiSa*! and A 6016-7 which were in the field of view at the same 
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time. The position o£ the line whs almost identical with that of the 
iron spark line X 4957 ’8, and the conclusion aruvcd at was that the 
wave-length wan a little less than 41)38, and that it could not he the 
nebular line. There remained the ultia-violet line X 3727. Our 
photographs showed a rather strong hue very close to the iron spirit 
lino X 3727*8, but slightly more refrangible. As the line is a tolerably 
strong one, it could lie photographed with a grating spectrograph 
along with the iron lines. This was done, and the wave-length 
deduced from measuiing the photograph was 1727'4. This is too 
large by an amount whn h umsidciably exceeds the proltable errors of 
observation, and we are torecd to conclude that the nebular material is 
either altsent from our tidies, ot does not show itself under the treat¬ 
ment to which it has lieen subjected. 

Although the icxidual gases of the atinospheic niuondciiscd .it the 
temperatuio ot bipud hydiogen do not show the nebular lines, we 
found that auothei ml>e gave a ray \ory close indeed to the pniiu|ial 
green uebtilai lay This tulte had lwen tilled with gas prepared in the 
same way .is the othei-f, with the exception that, m pissing from the 
vessel into whirii the fi 1 st ft action of liquid an was distilled, it was not 
passed through a 1' tulte nnmeiMed in liquid hydiogen on its way to 
the exhausted tula' In consequence it contained traces ot nitrogen 
and argon, ami when spuked showed the spcctia of these elements as 
well as those of hydrogen, helium, Arc. The mtiogen spectrum dis¬ 
appeared after some spat king, but the lidai still shows lays of argon 
as well as those of the gases in the nthci tidies. On examining 
the spectrum of the negative pile hi the iieigliltourhood of the prin¬ 
cipal nebular green ray, a weak ray was seen in addition to those given 
by the other twites It was found by comparison with the nitrogen 
rays X 3002*7 and X 5003 7 to Ite a little less refrangible than the 
latter of these rays, and by measuring its distance from the nitrogen 
rays and from the two helium rays X 4922*1 and X 5015*7 with a 
micrometer oye-pieeo, the wave-length X .>007*7 for the new my was 
deduced. This looks as if we might find the substance which is 
luminous m nebula* to lie really present in the oaith’s atmosphere, 
and we hope shortly to lie able to \ erify the olwervation of it. 

Turning to the coi oiial rays, our tubes emit a weak ray at altout 
X 5804. This is not far from the wave-length X 5303-7 assigned by8ir 
N. Lockyer to the green coronal ray. It is, however, greater than 
that assigned by Campltcll, namely, 5303*26.* Other lines observed 
by us near the places of coronal lines are at wave-lengths about 4687, 
4570, 4358, 4323, 4232, 4220, 3085, 3800. These are all weak lines 
except that at X 4232, which is of tolerahlo strength, and -that at 
X 4220, which is rather a strong line. The wave-lengths 4323, 4232, 
4220, and 3800 come very close to those assigned to coronal rays, but 

* ' Artroph. J.,' roL 10, p. 190. 
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the others huidlv tome within the limits of pi ol table enut. Tho ray 
4220 seems too stioug in proportion to tho nthoi*. hut tho strength of 
that at 4232 seem* to accord with the strength of the corresponding 
ra\ in the coiona It mil Iw scon that the raj« wo enumerate aliovo 
correspond appioMinatelj to the stiongci lavs m Sir N. Lnckyor’a 
list* Furthei moasuios of the wace-lengths of the faint linos are 
needed liefoie we tun nn\ definitely whctliei or no we have hi oni 
tidies a substance pmdiicing the coronal lays, or some of them. 

As to the auroral lavs, we hate not seen any ray m the sjiectnini 
of mu tidies item A 5571 5, the gieon aimiml raj. We Imre oliservod 
two weak rays at A 4200 and A 4198 which may possihlx, one oi Imth, 
repiosent the annual i.ij A 420 The \oiy strong iaj’ of argon, 
A 4200'N would make it pioltahle that aigoii wa> tho origin of thin 
annual ray, if the otlici, eqiiallvstrong, argon rays in tho name region 
of the sj toot rum weie not ahsent from the auioia Nor hare wro 
found in the spedinm of our tidies any hue with the w'ave-lengtli 
391.'. which is that of anothci at tong am oral lute On the other 
hand it seems pioliuhle that the strong amoral hue A 358 may lie due 
to the material which gives us the very remarkable pair of lilies at 
alaiut the plm e of N of the solm spectrum, A 3587, which are very 
strong in the Hpcetium of the negative pole, hut only faint in that of 
the capillmy pait of mu tidies. It may w'oll he that the auroral dis- 
th/ugc is analogous to that about the negative polo. We have also a 
fairlj stioug ray at A 3700, which nure be compared to the icmaining 
stioug ray olwmed in the uunira A 3700. This, however, is a ray 
winch is emitted from the tapilbu y part of our tidies as w ell as from 
the negative pole, and is, tuoroov er, omitted bv Bath gas. and may very 
likely lie a neon iaj. 

We hope to pursue the investigation of this interesting spectnun, 
and if jiossililc to sort out tho rays which may lie ascribed to suli- 
stancuh such m derm and those which are due to one or more other 
sidistances. The gas fiom Bath, oven if primarily domed fiom the 
atmosphere -which is by no moans sure—seems to havo undergone 
some sifting which has affected the relative proportions of helium anti 
lioou, aud a more thorough comparison of its spectnun with that of 
the residual atmospheiic gases may proltably lead to someslisentaiiglo- 
ment of the rays which originate from different materials. The 
arrangement of the raj-s in sories, if that could lie rlone, woidd lie a 
step in the same direction. 

We are indebted to Mr. Holier! Lennox, F.C.S., for the great help 
he gnvc us in the complicated manipulation with liquid hydrogen 
required to fill tho spectral tubes, and to Mr. J. W. Heath, F.C.S., for 
kind assistance. 


1 Bo). Soc. Proc.,’ rol. 06,p, 191. 
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Lttf of Apfironimitf irnrv-friifftli* »/ Hn h'ai/e, VwilUe avd Ulha-vioUt, 
iJjivireil nbonl I In ,\nfntm Pvlt. 

Thu 111 vh of hydrogen and hulmiu, and thueo attributed to neon by 
othei olmeiveis, me indicated by the chemical symbols of those Sub¬ 
stances : — 

A “ b ” pioh soil to the numbor expic-ssing the wn\o-longtli indicates 
that the ray is emitted by gas from the Math spinig as well as by that 
obtained fiom the atmosphere 

A “ c” similarly piefked indicates th.it the 1 ay has l>oen olisorxed 
to lie emitted from the c-apillai,\ p. 11 1 oi the tills- .is well as from alsmt 
the negatii e pile 

A “ w ” indicates a weak line, “s”.i stiong one, “d” a diffiia 
one , “ i w ” .1 \ erv w eak ; and “ \ m ’ .11 ei j st 1 ong one 


belli- 7281 8 
72t7 
•7171 

bo ](<• 7085 -5 
1» 70.'a 

In No 7031 
hi-No (1031 
Is-No 071(1 
bo Hi- 0078 t 
ho No oeui 
•o H 0303 
bo 0533 
Is- No 0508 
Tills 04-MI 
hi No 0401 
hi No 8883 
lie No 6334 
bi No 0304 
lx N* 0200 
Is 024-1 
b< .0232 
be \o 6217 
b 0183 
T»bi 617h 
be No 6163 
bo No 6144 
tsIi 0128 
b No 6007 
b No 6075 
b No 0081* 

b 0001 
b 8001 
wb 8987 
be No 6970 
wb 8904 
tdbKe 6946 
w 6019 
w 6914 
wb 6906 
6882 


be Ho 6875 9 
1 lobe No 6852 7 

I sb 6820 

-b 6M>1 
sbo 67113 
1 Is 6747 

I bt 6718 

bo 6b81> 
slit 60G2 
I Is 6061- 

6592 

I h 6501 

6532 

| T»l> 6603 

vs 6447 
! Wb 5482 

1* 0417 

1 11b 6400 

h No 6400 
I 6972 

6300 

, 5365 

bo No 6311 n pair 
bo No 6330 
I w 6304 

1 « 5208 

6231 
b 6222 
6200 
b No 5804 
li 6192 
b No 6188 
6162 
b No 6145 
6182 
b No 6118 
b No 6000 
6074 

bHe 6047-8 
»be 6038 



tw 4428 
wb He 4487-7 


be 
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“ Additional Xotes on lhmldcia .mil nthei llock Specimens front 
tin* Diamond Milieu, (!iii|ii.il<md We^t." Ily T. (L 

Honnky, l).Sc*., LLD, KR.S., l'rotV'ssurot <l«*ology, University 
College, bunion Received Xoveiuliev 21,—Ueail December 
13, WOO. 

'Hio invasion of (lri<pi.d.iiid .it the liegiitiiiiig ot the wai with the 
Transvaal mill Five State, put a stop, to) a time, to wmking the Netv- 
laiids Diamond Mines, *11110 inteieating spci mioin fioin which were 
brought to the notice ot the Royal Society, on June 1st, in Lwt year.* 
Bat shortly Wore the hurried depaitiue ot the employes, another 
small collection had been despatched to Mr. (4. Ti uWilioch, the 
Managing lhrecto! in Loudon, whit h he showed to me, early m the 
present yeai, most kindly plating the new spei linens at my ilisposal tor 
study. Some represented iMiulders, some the diamantiteroiis bieceia, 
jHijiularly railed “blue ground,’ 111 whuli these occur, some the 
41 country -rock.’ The tilst, though (so t.u as ran lie seen) without 
diamonds, include at least four additional species of luck; the second 
throw a little more light on the (Mist histoiy ol the matnv. .Moreoter, 
thoy come from a new set of workings to the notth-casl ot the foimer, 
wheie a shaft haa lieen sunk, and gallencs dmen at a depth of about 
-46o feet. Apparently two “pipes’' are connected by a narrow fissure 
filled with breccia t So I hare ventured to coiiimiiiiicate theioault of 
my invostigatious to the Royal Society, including with them a short 
note on a residue obtained by Sn William Crookes, ¥ K.S., after dis¬ 
solving away almost the whole of a small fragment of the remarkable 
diamantiferous oclogitu which w.w dcstnlicd in June, 1899. 

(1 ) The llmlhli 1 v. 

(n.) Of these one is nuloly semi-oval 111 outline, measuring alsmt 
31 inches in greatest length anil lueadth, and 1J inch thick, being 
probably a piece broken fiom an ellipsoidal pebble. The rock is holo- 
crystalline, composed chiefly of a pyroxene resembling lmstite and of 
olivine, converted on the olilei-looking sui faces into .1 pale-green 
serpentinous material. Kxamination of a thin slice shows the lock to 
consist mainly of olivine, which exhibits incipient serpentinisation 
along cracks in the usual manner, and of a very pale brownish-green 
lNutite, with 0110 dose cleat age; and possibly one or two small grains 
of a monoclinic pyroxene; spinel, and ot en original iron oxide, being 
apparently absent. Specific giatity, 3-074. 

* ' Boy. Boo. Pros.,' to). 66, p. X23. 

t The precise depth st which the specimens sere obtained cannot be given, as 
the labels became illegible in the hurried transit. 
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(l>.) Anothm-epciimcii, apparently aliout half of afniily well-worn 
lMtuhlei. in not quite no large Uudoi the Jiiiuoscopo it is found to lie 
practically identical in composition, liut a little nioie sei pcutinised ; a 
dear inotropic mineral sometime* fmining a liordei to the enstatite. 
The presence of unv original gi.iins of lion oxide is doubt fill, but one 
01 two of angite can lie leeogmsed Both specimens, howevei, may lie 
named .Naxonitcs, 

(' ) Not lory liuuh worn, and tathei tiiangnlai m shape, aliout 
.‘t iiidiow bv l inch, and aliout 0 6 inch thick, consisting apparently of 
garnet, two pyroxenes and pci hajis olmne. Microscopic examin.ition 
shows ohmic, almost wholly ionseited into sei|jciitiuc, enstatite jvii n 
alh (hanged to anothei (the usual) laiicti of the name mmcial, 
chioine diopside, a little u limitless angite, with a diallngic habit, and 
pyiope (two specimens) As the last-named mineral is not abundant, 
the uak is more neatly ielated to tliejUieizolitcs than to the Kulysites, 
and so may lie named a ginnatiteious Jjhei zolite 

(if.) A roundish flat slab about JWi x 2-5 x O'G inches, imitaimng 
ml gurnets, enstatite, and a lmght green pyroxene Miciosiopn 
examination shows olivine, paitli com ei tod into a dull y ollow ish-grocn 
serpentine, chrome diopside, some enstatite, now altoiod to a serpen¬ 
tine, the colour suggesting that it is chiomiteioiib, and pyrope (not 
abundant) A little pule brown mien, proliahly secondary, oceiira 
nix nit the garnets and the diopside, in one case occupying a crack. 
The link lielongs to the granatifeioiis poiidotites, and though it con- 
tains less enstatite than the last one, may also lie regaided as a ninety 
of Lhereolite 

(/ ) The next specimen is evidently a fragment, the angles and 
edges of which ha\o Ikjoii slightly worn, as if by water. It measures 
alxmt .1) by 3 inches, and 1| inch m thickness The rock in the 
fresher jiart consists of pyropo. and two minerals of#a dull-green 
colour, but aliout halt of one surface is affected by decomposition, 
which has penetrated to u depth of aliout J inch iloie one of the 
pyroxenic mmeials uppeais to lie a pale-coloured liastite with tho usual 
metallic lustre ; tho other of a biightei green tint. Examination with 
the microscope shows the following minerals -(1) Olivine in various 
stages of conx’ersiou into serpentine j some grains lieing traversed 
as lisiud by vory pale-green strings of the latter mineral, others 
completely changod into it, and of h yellowish or brownish colour; 
minute dark-brown noodles arc sometimes present (1 rutdo). (2) Bas- 
tito with a well-developed piuacoidal cleavage, sometimes partially or 
even wholly converted into a fibious material, which with transmitted 
light is a rather rich green coloiu, the usual small brown negative 
crystals being developed in some grains (3) A very pale sea-green 
angite, prolmbly a chrome diopside. (4) Pyrope ; the grains having a 
kelyphite rim nnd showing incipient mineral change along the craeks. 
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Vs one 01 two giains with i genu il u semblance to the Imstite appeal 
to give in oblique extinction, i thud pyroxene may Ik- present m 
\uy small quantities Mk 1 is w mtnig tx ui ongmal constituent, anil 
most of the non ixide is humility blit one giain may lie piimaiy 
Ihe stiucture of the lock is giaiiulai, iio constituent being idio- 
moiphic hence the ordei of consolulation cmnot lie detcnuiucd with 
(utaint} but I incline to plating the olivine, which is Bhghtly the 
most tbumlaut mmeial, hist, mil the garnet, which m shghtly the 
least so, list fhe lock is distuigiushwl fiom oiibnny Lulysite by the 
pi esente of a fan imount < f an east itite 1 ut ts this does not indie ite 
iiiy impoitaut (bttoielite in churn d (imposition, I piefer < tiling it 
bnstatotc hulysite to bnidening peti j1 jgy w ith a new name 

(f) lhia spctimen has u i tide icscmblincc to ui oven bottom loaf, 
me wining full lb inches m tw > dilutions it light ingles on the 
ciuved surface the Hat side 1 eing piolsibly the lesult of a fi ittiue, 
nppuuitly producul dtei nu at ot the lonnding hail lieen done The 
lock is holociystalhne, its piintipd constituents licjijg dull red go nets 
and green pyroxenes Ihe fomiti hi\< then outer suiface worn smooth 
md flat, the lattei i vtiy slightly conoded one The look is macio- 
Hcopically identical with the ulogite dean died in the last pipei, and 
it proves to be composed of pyropt and chiome dinpwde with 
occasionally a few Abies of secondsly hoinblenile, no gram eithei of 
olivine oi iron oxide otoumiig m the slice 

(/) rhis specimen is a ludtly tiipe/mld block with lonnded 
edges ind comets, meisiuing aWut 2' inches citli wiy, ippaiently 
lathei watei worn, consisting of somewhit lonnded ciystilsof giccmsh 
pyroxene over an inch m length, in i mitm of i similar mineral and 
telspai Specific gi ivity, 112? On c\ iranuiUon with the nnunscope, 
the laigor grains piove to lie genu illy diallagc, i font seigictn m 
eolout, with i dose pmacoidal cleavage, often made mote distinct by 
the deposit of a little opacitc or foi nte Small lnown in gatave uystals 
are fiequcnt, one of then longer edges lying pn die! with an axis of 
elasticity This mineral is altued locally into i plcoehioic hornblende 
(changing from a l iw to a burnt umbci tint; Ihe diallige is some 
times bordoied by, and near its edges occasionally encloses, small giauis 
of a slightly hi owner and more pleochroic mineral, extinguishing 
parallel with its principal cleavage, and thus lepresenting a rhombic 
pyroxene,* but it dsc throws out lootdike pi obligations in which i 
cross cleavage is visible ANhcie the didlago has l>een replaced by 
hornblende, the latter often extends some little distance into the loots, 
which in a few cases suggest the picsuiu of the lhonilne constituent 
These are embedded in felspir, thus aftmiluig a peginatatic stnietuu 
which vanes in difieient puts of the slices fiom incipient to well 
• rheae locally ar* aeen to pan into a y llowuli aorpentwoua mineral uhi h 
with eroaamg nieol* abowa a fibrous rtn rture md fmrlv bright polanmtion tints 
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(fan eloped (aeo figure). Some of the larger diallage crystals also show 
a curious structure with classed nicols; small lamellae of a different 
tint, arranged in a kind of notwork with lozenge-shaped meshes, making 



Pegmatitlc uwwmtion oi a pjroxrne and fcluper (componte). x gl. The 
“rootlet*" and moat ot the mineral round the central grnln u pyroxene 
Decomposition shown about n crock.* 


their appearance. These possibly may indicate an early stage of the 
conversion of the diullago into homblonde The grains of felspar vary 
much in size, even when associated with the “ rootlet* ” of pyroxene. 
They are generally in good preservation; exhibit twinning, usually on 
the albite type, and are shown by the extinction angles to bo mostly if not 
wholly labradorite. Small grains of iron oxide are present, which are 
most abundant near the margin of the larger pyroxenic grains. They 
are sometimes scattered in the pegmatite, and in one or two cases are 
slightly root-like in shape. Cracks traverse the rock and have led to 
mineral change. They Hro often lined with small crystals of a brown 
mica, similar to that which occurs in some specimens of the “ blue 
ground.” These are imlwddod in a rather earthy-looking granular 
material, which is, no doubt, a decomposition product from the felspar. 
Pegmatitic structures, whether macroscopic or microscopic, are fairly 
common in granites, where the associated minerals are quartz and felspar, 
but, to far as my experience goes, are infrequent with other miuerals. 

• I am indebted to my friend Mr Ooom&n-Swimy for the microphotograph. 
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Piofessoi hosenbusth how m ci mentions the occurrence in some siemtes 
(including those with elteohtc) tn diontc (sen iart) mid iiu hyper 
Btheuc gahbio (oi noiite)from Hoi-sund on the west count of Norway 
and St 1’iuls Islmd 1 abi idci * Thus wo ma\ Ik, content to call thin 
rock a pc^untitic homhlctidu Cialilno 

(h ) This peihips represents i pebble rathoi than a lxiuldei, foi it is 
a fragment ouli da nit 1] x 11 x 1 indies adhering to a piece of ‘ blue 
giound the bin face m contut with the littei lieuig well lounded 
Mac i oecopic dh it ippeus to lx. i medium gi lined dionte the micro 
at ope show a a holoc list dime giaimlai at met me, the plagioclastu 
felspai is in fan pi cacti ition and peihips is lahradonte, the horn 
blende is tathei strongh pier chi ok i mging from pale Inowmsh green 
to deep In own The niineial how ei ei is not original, but an alteration 
pioduct fioni a pale giccu augite (nmpluute ?) Grains of non oxide 
aio ulsopiescnt Slight decomposition haa taken pi ice in i nairow rone 
fio m the surf ue mw nils 

(i ) Ihe laat specimen is a lump of imgulai sli ipe I’tesumahl) it 
is fiom the blue giound, but there is nothing to piove this In a 
Coniput daik brown to slightli put pic giound mass a numlxn of 
inegululi foimed gieenish giej patches ire suittered so aa to suggest 
flow bieccmtion Tlieae when examined luulei the mioioecope, are a 
vet} light gieyiah brown hi coloiu exhibiting flow structure, minute 
dovitnfic ition and some decompoaition Ihe matiix ia darker, 
apnnkled with opacite md feintc minutelv deiltnhed showing an 
inegulai wav\ structiue and occasionally ill-defined crystallites of 
plagioclase felspar The lock now a folsite oi porphjnte w is piolv- 
ibly once eithoi i samdme trwhite or moie piobabh an mdeeite, 
with flow hrecciation This specimen possibly maj not toprosoiit a 
bouldei, but a dyke or flow associated wtth the blue giound 

(2) Ihmmkfn u* M itn 

Specimens of the “blue gioiuid in which the bouldeis occuned 
were also sent As the) c tme fiom anothei part of the mine, and the 
best presen ed exhibited one oi two slight diftei ences I haie had a 
few sluts prepared To the un-uded eye the matrix is more of a 
purple blown coloui, slightly moie compact and hard, but more brittle, 
the fragments of magnesiin minerals, however, seeming more Com 
ptetely seipeutimsed A few small, lather cuunhling, rock fragment^ 

• Elements d»r Geitemsli bre (1888) p 281 A case where the structure ts 
more like that of the true graphic granite, from the dolente of Foul Hill is 
described br Hr All port Quart Jonm Ocol Hoc rol 90, p M9 and figured by 
Mr Trail British Fetrographi PI XX.1II fig 2 An instance of micrographie 
intergrowth of quart* and ealcite is described br Mi Coomara Swfaiy in the afore 
named journal ml 66 Dp bOG 006 
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of a dull white colour, speckled noth green, are present. Microscopic 
examination shows that the huger minerals do not call for any special 
notice, except that a rudely crescentic pyrope has a kelyphito i ini on 
the concave as well as on the convex sido, proving the fracture to be 
an old one. But the small plates of a brown mica, the occurrence of 
which has lwen already noticed,* aic voiy abundant in the matrix. 
These plates in some of the specimens are rather irregularly outlined, 
and rarely exceed 0-001 inch in diameter, but in others they avci-ago 
about double that size, and occasionally .1 few of them may even exceed 
0004 inch Thun the outline is more rectangular, and the cleavage 
more distinct. Thu smaller flakes often tend to form a /one around 
included rock fragments, and scattered granides of iron oxide seem 
more common in the slices containing the larger flakes, f I have now 
no doubt that the mineral is a secondary product. 

The unusual abundance of a minute brown mica in the ground mass 
mado an analysis desirable. For that aimoxed T am indebted to Mr. C. 
•lames, who has executed it in the laboratory at University College 
under the supervision of Pmfessor W. Ramsay. 


Silica . 38-77 

Alumina . 14 62 

Ferric oxide . 11-36 

Calcium oxide . . 4-51 

Magnesia . 12-14 

Potash. 2-63 

Soda . 1 90 

Loss on heating COi and IIjO. .. . 13 35 


99-48 

(The iron was all estimated as FejOg; one specimen gave a trace of 
mckel.) 

If we compare this analysis with ono given by Professor C. Lewis.t 
SiOj -= 33-00, FeO (including Al*Og) - 12-00, MgO - 32-38, CaO » 
0-63, Na/) - 0-67, CaCO, - 18 02, HjO - 6 0 (total 101-71), and 
with those of Kentucky “ kimlierlites ” quoted by Bosenbnsch,§ and 
by Lewis,|| we see them to lie poorer in alumina and alkalies, but 
richer in magnesia. Serpentine, in fact, forms the dominant silicate 
in them, a forro-magneoan mica in this, the other mineral not amoiuit- 
ing at most to a quarter of the whole rock. But we must remember 

* 1 Qeol. Mag.,’ 1897, p. 431. 

f la all Uuwo specimens from 2f«» islands opaque gmnulo# (f ilmenite) seem to 
take the place of the translucent brownish granules (111 part perofskite) in the 
•peo'mens from De Beers Vine. 

X ‘ The Matrix of tbe Diamond,’ p. 47. 

f 1 TOemeutr dvr Oesteinslelirc,’ p, 160. 

U 'The Matrix of the Diamond,' p. 04, <•/. p. 01. 
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that some of tho deeper-seated specimen* from the I)e Hoorn Mine, 
though belonging to the typical m.w* of kimlarlito, .11 e hardly less 
rich m the secondary mica than this one tiom New lands, mo that 
from the chemical point nt view, apart from nthoi loiiMilerations, the 
propriety ot classing "kimberlite ’ with the (altered) pciidotite* is 
worse than doubtful. 

The rock fragments are often about 01 inch in diameter, though 
pieces nearly half an inch across also (arm, xnb-angulai to rounded in 
form. The majoiity represent nineties of lusult, tonus apparently 
retaining traces of a glassy Isaac, otheis rathei minutely hohaiystal- 
line. They show signs of alteration, but nothing m their structure or 
composition calls tor any detailed description. Tt is difficult to deter¬ 
mine the exact nature of the light-coloured fr.ignients. 'flic green 
mineral is sometimes a granular augitc, 1 ather decomposed, sometimes 
an actinolito; the lighter (dominant) part often etfoivesces bnskly 
with HC1, and calcite is seen under the microMcope, .wsn<iatud with a 
grey decomposition piodnot, which often suggests tho formoi picsunce 
of a felspar. In one case a holocrystallinc granular stiuctmc is clearly 
seen, and the replacing mineral has some resemblance to peeudophite. 
Hence I consider those fragments to represent .1 plugiocliihe-.tug)to 
rock allied to gabhro, and related to the lionldcr alreiuly dtsuilied. 
Its presence, and the comparative abundance of bits of basaltic lock, 
seem to lie characteristic of tho locality. 

One specimen, however, calls for a little notice. Pai t ot it re¬ 
sembles a compact mudstone; the rest, id tout an inch across, is rather 
decomposed blue ground; the outer side of this suggesting that, as in 
the case of a specimen doscrilaxl last year, tho “ blue ground ” may 
occupy a fissure in tho “ country rock.” On microscopic examination, 
however, this proves to be doubtful. The upparent outer surface is 
only a vein product, consisting of a fibrous mineral, possibly arragonite, 
associated with a little actinolito. The seeming mudstone is more like 
a very decomposed igneous rock, probably a rather felspathic lwsalt. 
The “ blue ground ” is also much decomposed, the minoral fragments 
being converted into a pale greenish-yellow fibrous material, much of 
which is actinolito. A fragment of basalt (not identical with the other) 
appears to he altered for a depth of not epute one-tenth of an inch 
frmn the exterior, for in this part small distinct flakes of brown mica 
are scattered about. 

The specific gravity of a specimen of “ blue ground,” rather harder 
than the rest, was 2 C67; two othei-s, representing the most brittle 
variety, were weighed, but as each crumbled a little when immersed, 
the results are slightly too low. One (the better) was 2*622, the other 
2 * 614 . I tried the former a second time, but as it broke up more readily 
than before, abandoned the attempt. 

I referred last year to a pyrope in which diamonds were embedded. 



4P2 I’ruf. T. (». Bouney On Boulder* and other Hod Specimen* 

Another specimen h<ts non )>eeii found. The pyropo apparently was 
rounded in form, nlmut h ] inch in diameter, and surrounded I*y u 
kelyphite lim It h luokcu across, thus disclosing the diamond, an 
octahedron, only one face of which is completely exposed. This is 
slightly Hteppod, and measures loughly one-tenth of an inch along the 
edge A small piece of the usual piuphsh breccia adheres to the 
pyiope, so the case is exactly pirallel to the former one. In each the 
peifeet form of the diamond shows th.it it crystallised before the 
gainet. and as the oidimuy satieties of the latter mineral seem to ?» 
produced at a high tcmppi atine,* the assotiatiou may lie significant 

(».) Tin (’mi a In/ Urn l 

A fon specimens of this weie also sent, but only two nineties pre 
neiit auv feature of inteiest One is a greenish conglomeinto with 
calcareous matrix, ami i minded pebbles up to alaiut } inch diameter; 
tho othei has a jwle-giey m.itm, spec kled with some small angular 
dark-green tiugments and a few subangtilai pebbles up to almut an 
inch in diameter; otic appai with a red felsitc, the others diabase. In 
the first sjaicimeu the muioscope shows abundant suit-angular to 
vouudod grains, mostly dialw.se, of w hich there are at least half a dozen 
vaiieties, a microgiamte and two or throe roekB moie fragmental m 
aspect, one perhaps a tuff, anothci apparently a quartzite, affected 
by pressure, and a third n sub-crystalline dolomite These are cemented 
by micrograimlar calcite. coiitiuiiing proliablv a little magnesia (tho 
crystals often forming a kind of Itordor to tho rock fragments), tho 
interspaces Iwing filled in with clear dolomite. In this cement are 
emliedded some angular bits of quartz, a fragment of altered felspar, 
and one or two, ]>erhapj, chalcedony. The other specimen shows a 
fine-grained muddy matrix, in which are scattered angular to suit- 
angular grains of quartz, with a little decomposed felspar, a little of a 
green mineral (1 replacing pyroxene), decomposed iron oxide, and 
pei haps some small rutiles, with rock fragments, generally rather 
rounded, representing compact diabase, or possibly sometimes andesite, 
and one or two of a sult-crvstalluio limestone. Both these specimens, 
as Mr Tnilteiiltach informs me, represent a rock named "bastard 
blue” by the miners, and it has lteen pierced in both shafts, the 
diamnntiferous breccia, or “ blue ground," apparently passing under it 
in tho second shaft. As, however, there is no real relationship between 
the two rocks, I regard the association as fortuitous. 

* I do not forget the remarkable gamete from the Baetogue, described by Pro- 
fe»«or Rroard Ball, du Mae* Royal dr Belgique,’ vol. X, p. 9), or that called 
pyrenelte (also one of the andradlte group), but both these minerals are Tory 
abnormal. [The genesis of the tormer is discussed by Miss C. A. Balstn, DAo., in 
a paper which will appear m the * Quarterly Journal of the Geological Society’ 
tor 1901 j 
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(4.) Jirtithle ft mu the ftnnnnstifeiDin Erlogite 

After tho muling of my description of the “diamantifeions eelogite,” 
Sii W Crookes kindly ottered to examine that uiek for microscopic 
diamonds. Taking one of the fragments, w eigliiug ISO'S grammes, which 
had lieen detached in slicing the specimen, he ti oaterl it as follows :— 
“Aftoi l*eing iery coarsely liroken up, the material was put into u 
very stiong sulphuric aud. The aeul was lioiled for aome time, and, 
after lienig allowed to cool, the i twine was washed, dried, and then 
heated for Home hoiu-H in strong hydiofluoiic acid. After it had lioen 
well washed and dned tliu treatment with hot sulphuric acid was 
re{>oate<L The mass, after a few alternations of these acids, liecame 
disintegrated, and all, except a feu crystalline liunpH, were dissolved. 
After alrnut ten treatments only a tew small ciystals remained, and 
these (uith the exception of a sample) weie reducud hy a few more 
boilings with the acids to a single small one alamt halt u millimetre in 
diameter.” This was ltoiled fourteen times in each aud, and appeared 
to lie slightly roduced in sue. “ It sinks in mcthvlouo iodide, specific 
giavity ;V35." This was sent tome with some of the small ciystals just 
mentioned, all hemg mounted The solitary survivor of the whole 
treatment showed on one side cuived crystal faces, hut on tho other 
appeared imperfect. Those faces, so far as I could judge, indicated an 
ibometrk or possibly a rhomlohedial mineral Its refractive index w 
high, tho colour a pale smoko-brown, and it apparently produced some 
effect ou polarised lighj. That, however, was not conclusive, foi 
diamonds from Nuwlamis, as at Kind »rley, are often in Buch a state 
of strain as to bo anisotropic. Of the survivors of the first treat¬ 
ment, the more abundant were colourless, rough in outline, hut possibly 
showing one cleavage surface, apparently at right angles to an optic 
axis, polarisation tints bright; tho refractive index high, hut inferim 
to that of a diamond. It appeared to me not hnpi-oliahly corundum. 
The less abundant granules were mote rounded in outline, with rathor 
rough, possibly corroded, siu-faces, translucent, of a resin-brown colour, 
apparently producing some effect on jjolarised light; on the whole 
they seemed to bear some resemblance to rutile. But to come to auy 
conclusion alxmt the fiist mineral it was uecessury to detach it from 
the mount As I have no apparatus for very delicate work, that not 
ooming within my usual lino of study, I had recourge to Mr. L. Fletcher, 
the Keeper of Mineralogy, and Mr. L. J. Spencer, also of that Depart¬ 
ment, at the British Museiuu. The latter attempted to measure tho 
supposed diamond with the goniometer; the faces, however, were too 
curved for the'purpose, but both of them regarded the edges as too 
sharp for the mineral to have suffered appreciably from the acid, as Sir 
W. Crookes was inclined to think. They consider it to be really iso- 
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tropic, and h diamond.* Mr. Spencer thinks that the colourless 
birefringont fragments are perhaps optically uniaxial, and that they 
may very well l»e corundum, f The browner groins he suggests are also 
diamonds. In favour of this identification is the fact that small 
diamonds occur at the Newlands Mine (I have seen some in Mr. Tru- 
benlinch’s hands), rather ovoid in shape, with a roughened surface, 
some a yellowish-brown, some colourless. But against it we may urge 
that they appear to hn\c liecn destroyed during the second treatment.^ 
Be this as it may, Sir W. Crookes has succeeded in showing that micro¬ 
scopic diamonds do occur in the oelogite, which contains those of larger 
size. 

To conclude: in addition to this residue from the eelogite we have 
ascertained (I) the existence, in some quantity and variety, of pre- 
triassio diabase^ (2) tbe abundant development of a microscopic brown 
mica in the ground mass of the son-ailed kimberlite; (3) the presence 
in it, as true boulders, of at least four more species of holocrystalline 
rock. The last fact acquiies an additional importance, because, since 
the publication of my former paper, the liouldors therein described 
have lwou claimed as “ concretions ” in the so-called kimberlite^ 
With this matter I have dealt elsewhere,f but the identification of 
seven species or strongly-marked varieties of holocrystalline rocks, 
peridotites, eclogites, &c., in which the minerals at the surface are 
worn as if by the action of water, not to mention the general structure 
of the so-called kimberlite, must, 1 think, offer insuperable difficulties 
even to the most enthusiastic advocate of concretionary action. 


“Tlie Distribution of Vertebrate Apimuls in India, Ceylon, and 
Burma.” By W. T. Blankjto, LLD., F.R.S, Keceived 
December :i,—Kend December 13, 1900. 

(Abstract.) 

Several contributions on the subject of the distribution of Verte¬ 
brate, or geographical Zoology, in India and the neighbouring countries 

• On ro-exainining the specimen, now that Mr. Spencer has kindly mounted it in 
a better position, I agree with this determination. 

t On s final examination of the slides, I find among them one if not two small 
grains which I strongly suspect to be diamonds. 

t A final txamtnation and c o mpar i s o n with some bits of “bolt" given me by 
Mr. Trubenbach ha* not made me more favourable to ray original identilcaiion 
with rutile. 

| That U, at any rate, older than tbe time when the Karoo series was deposited. 

II Professor Beck, < Zeitsehrift fflr Praktiseh* OeoL,' December, 1990. 

f •GeoLMagV 1900, p. M. 
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have Wen marie by Klwes,* \on Pel/cln,t Wallace,{ Mbai-po,# Newton,|| 
(lariow ,1 Lvrickker,** and W. Hdatei.tt Iwsiries the present author. JJ: 
The majority of those cuiitrihiitions deal, hmvovor, with hints or 
mammals alone, the first-named tlass hating reconod tho gieatoat 
amount of attention. 

The eompletion ot the aoien volumes containing descriptions of all 
the Ycrtobrntn, in the ‘ Fauna of Biitish India,’affords nu opportiuiity 
of ret iewmg generally tlio distribution of terrestrial teitehrate animals 
throughout the British possessions in India, Cetloti, and Burma. The 
limits aie those of the British Indian terntoiies and dependencies with 
the addition of Ceylon (tthich, although llntish, is not under the 
Indian (internment) Baluchistan, all the Kashmir territories (with 
(iilgit, I .hiI nk, <Vc.), Nepal, Sikhim, Bhutan, and otlioi Cia-Himalayan 
States, Assam, Manipur, the Biumese Shan States, Kaiennee, and tho 
Andaman and Xicoluu Islands aie ineliuhsl, hut not Afghanistan, 
Kashgail.i, Tibet, Vuniian, Siam, 01 the Malay Peninsula south of 
Tenasseiim. 

Foi tin* study of zoological riisti ihutioii theie an* few, if any, 
legions on the earth's surface that exceed Biitish India and its de¬ 
pendent ics in interest The men is almut l^OO.OOO square miles, and 
although the vertebrate fauna is by no means thonutghly explored, it 
is well knowni throughout the greatoi pait of the area and fairly 
known throughout the whole, lasttei pi nimbly than in any other 
ti-opieal and siiletropual tract ot appioximiitulv equal extent. The 
vanety of climate is reiuarkahle, within the aiea are included tho 
almost Millions deserts ot Sind and the totality on the Khiisi Hills dis¬ 
tinguished by the heav lest rainfall known, the cold arid plateau of tho 
rpjier Indus drainage, and the damp tiopical forests of Malalmr and 
Teuassenm. The country is hounded on the north by tho highest 
mountain laugu in the world, and on the south hy un ocean extending 
to the Antarctic regions Auothei element of interest lies in tho fact 
that the peninsula of India is a land of great geological antiquity, 
there* lieing no evidence that it has ever lieen submerged, although the 
greater part of tho Himalayas ami Burma have at times lieen lieuoath 
the boh. 

The plan adopted for the study has lieen to divide the whole country 
•1* Z. H.,’ 1873, p. 815 

+ ‘ Afac-a.Indten,’ “ Verb. Z -B. Ge«. Wun," 1875, p 08. 

t ‘ Geographical Distribution,’ col. 1, pp 81, Ac., 1870. 

I ‘ Nntuncl Science,’ August, 181*8. p 108. 

I ‘ Dfctioimrr of Blidi,’ p. 358 (1898). 

V Bromi’e * Kl. Ord. d. ThierrcWu,’ VI, 4, Vogel, p. 296 (1898). 

•* ‘ Geographical Hiatorr of Mammals,’ p. 986 (1896). 

ft 1 Geographic*! Journal.’ 1896, rol. 8, p. 380, ‘ Orography of Mammals,’ (i. 181. 

U * J««r. As. 8oo. Beug.,' rol. 80, pt 2, p 886 (1870), ‘A. M. X. H.’ (4), rol. 18, 
p. 877 (1878); Introduetam to *• Mammalia," ‘ Fauna Brit. Ind.,’ p. IV (1888). 
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iuto nineteen ti nets, distinguished hy physical characters such as 
rainfall, temperature, piTsonce or aWnee of forests, and prevalence of 
hilly ground, mid to construct tables showing the distribution of each 
genus of hind 01 fresh-water \ celebrate in the truuts. Genera have 
iieen selected for consideration, liecause families and siib-families are 
ton few in uumlier ami too wide in range, whilst species aiv too 
numerous and too unequal in importance It is recognised that there 
is much difference m the value of genera m different groups, the 
generic ilitfereucc* in passerine Imsh,, tor instance, lieing as a rule of 
1 nfenor rank to those in some othei outers of birds, or to those gene 
rally adopted amongst mammals, reptiles, and liatrachians. In the 
demarcation of ivgioiih and sulsiegioiis. terrestrial mammalia ate 
regarded as of pi unary importance 
Tho tra< ts are the following 


A I inlii-f in instil Thun. 

1. Hunjali, Sind, Baluchistan, and Western Rnjputuna. 

2 Gangetu Plain from Delhi to Bujmahal. 

3. Bengal tram Hnjmahal to the Assam Hills. 

B. I ml in ii J’i ii i iiiii In. 

4. Kajputaua and Central India as fur south as the Nerhudda. 

B. Deccan from the Neihuddit to alamt 1G N. lat. and from the 
Western Ghats to long. HO' E 

6. Behar, Orissa, &c., from the (rangetic Plain to the Kistna. 

7. Carnatic and Madras, south of a and G, and east of the Western 

Ghats. 

8. Mnlnlmr Coast, Concan, and Western Ghats or faiahyadri range 

from tho Tapti Kiver to Capo Comorin. 

C. Cm/luii. 

9. Northern ami Eastern Ceylon. 

10. Hill Ceylon, the Central, Western, and Southern Provinces. 

D. lUumlnfu. 

11. Western Tilict and the Himalayas above forest. 

12. Western Himalayas from llazarn to the western frontior of 

Nepal. 

13. Eastern Himalayas, Nepal, Kikhim, Bhutan, Sic. 
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E. A*«nu mnl Hu rum. 

14. Assam hi id the hill lunges to the south, with Manipur and 

Arrakan. 

15. Upper Burma, north of aliout Ml N. lat. 

16. Pegu from the Arrakan Yoin.i to the hill range* wist ot the 

Kittaug. 

17 Tenussenm as fnr south as the ucighhoiu hissl of Mergui. 

18. South Tenasserun, south of alioiit Ml N lat. 

1ft. Andaman and Nii-oltai Islands 

A review of the fauna of these tracts Ic.uls to the following iomlti- 
Bions: - 

I. The I’iuijhIi tiact (litters greatly in its tauua from the Indian 
peninsula and fiom all countries to the eastward, so greatly that it 
caiuiot lie regarded as pait of the Indo-Malay oi Oneulal region. Of 
tcirestnal nianimals, liats excluded, .'tOgeueia aie met with, of which 
Hoi 2GJ per cent, are not Indian, whilst of reptiles (omitting noco- 
diles and elieloiiians) 4(5 geneia otciu, and ot these 20 or 43^ per cent, 
are unknown furthei east. Of the an responding orders of mammalia 
46, and of reptiles HO gonoia occur in the Peninsula, and 24 or 52 per 
cent, of tho former and 37 oi 64 pci unit of the latter are not found 
in the Punjab tract. The diffciemes would lie larger hut tor the fact 
thut certain genera, foi nistaiue, Iii/iIo/m and llnvlnphus (nilgai), aro 
found east of the Indus though not further west, and that a few Indian 
species straggle into the Punjab area All the geueru met with in tho 
Punjab tract and wanting faithei east aie eithei Holarctie forms or 
peculiar, but with Holarctie affinities 

The Ihuijab, Sind, and \\ostein Kajputaua are in tact the eastern 
extremity of the aiea known as the Krciniau or Tyrrhenian or Medi¬ 
terranean suli-region, generally regarded as part of the Holarctie 
region, but by some classed as a region by itself corresponding to the 
Sonoran in North America. 

II. The Himalayas al>o\e the foiests and such portions of Tibet aa 
come within Indian political limits (Gilgit, l.adilk, Zanskar, &c.) 
belong to the Tilietan sub-region of the Holarctie region. Of twenty- 
lit o mammalian genera hitherto recorded from No. 11 (the Tibetan) 
tract, 11 or 44 per cent, aro not found in the liulo-Malay region. 
That Tiliet forms a distinct mammalian suli-region has already lieen 
shown in other papers.* 

III. India proper from the liase of the Himalayas to Capo Comorin, 
and from the Arabian Sea and the eastern boundary of the Punjab 
tract to the Bay of Bengal and tho hills forming the eastern limit of 
the Gangotic alluvium, should, with the addition of tho island of 

‘ Oeol. Mag.,’ 1883 (3), vol. 8, p. 104; • P. J5. 8.,’ 1883, p. 4*8. 
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Ctn Inn, 1*) regarded a* u single siili-iegion, and mav Iks tom omontly 
entitled the Cwgangetic suh-icgion * The fount* of the NahyAdri 
range anil of the Western 01 Contan and Malaliar const and the hill 
area of Southern CVvlon lin\e a tar mhei fauna than the remaining 
area, lint aie not sufficiently distinct to rc«|Uire suit regional sepa¬ 
ration. 

The hill taun.i of the Snluadu i.iuge, ospcu.tlli on the highest 
portions, such a* the Nilgin .uni Anaimalai Hill*, and that ot the hill 
group in South-wostein Ce\Ion, loiitaiu hoi end Himalayan genera and 
species, lmt not suthueiit to enable the S Indian and Ceylonese amis 
to Iki classed with the Uim.iluvnn finest aiea in a sepaiute suledinsion 
oi sulwegiou. 

The Cisgangetic suhiugion is distinguished tiom the Tiausgangetic 
hy the presence amongst mammals ot Ifyienidie, Krinaeeina*, (xerlnl 
lin.e, of three lauttliar genoia of Autclo|ieM and of some othei tvja-s , 
amongst hiids In the occurrence of 1‘teiixlctes (saml grouse), l’hceni- 
eopten (Hamingocs), Otidida* (bustards) ami Cursorun.e, amongst 
reptiles hy the possession of the families Kuhlephainhe, Chama-- 
leoutiilte and l in|K)lti<la j , togulhei with many peculiar Ueckonidie, 
Agamidte and I.acortldie, and amongst liatiachmim hy almut”one-half 
ot the genera found hi each suli-region I icing ulisent in the othei The 
difference lietueen the leptilos and hatrachians In itself would justify 
the clasHihcatiou of thetwoaiOas as distinct lugiona, a liew adopted 
by hoveral writers 

The following hguios show tlie total numbei of genora reeonled 
from the Cisgangetic suh legion and the peri outage of them not ranging 
into the Transgaugetic aiea, the Himalayas utwl Iturma. 




Mammals. 62 

Birds. 347 

Reptiles .. 03 

Batrachians 17 

Freshwater fishes . Rh 


.Not Tr.iiisKuiigcti>. 
14 or 22 .*) per cent. 
40 m 13 
39 oi 42 
9 oi 58 

9 or 13-5 „ 


Omitting lints, tho numliei of Cisgangetic mammalian genera is 
forty-six, of which 14 or 30 pci cunt are wanting in the Himalayas 
and east of the Bay of Bengal. 

The difference 1 art ween the Cisgangetic i ertebrato fauna and that 
inhabiting the rest of the Indo-Malay or Oriental region is partly due 
to the alwence in tho former of niunerons Eastern types, and partly to 
the presence of two constituents liesides the Oriental genera, which, 
•specially in forest, form a majority of the animals present. One of 
these two constituents consists of mammals, birds, and reptiles having 
* The term* " Ci*§*ngHio ” and “ Tr*D*^mf*ttc" hare slrcadj been employed by 
Vrohmor Oadow, Ijue. 
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u distinct relationship with Kthiopwn anil llolaictic genei.i, ami with 
the Plnwene Siwalik fauna. This roiibtitucnt of the Cisguugetic faiuut 
it is proposed to distinguish l»v the teini Aryan The other con- 
stitiient is composed of reptiles and lintrachmitH, and mai lie termed 
the Dravidiun element The l.ittci is well de\elo]ied in the south of 
the Peninsula and especially along the south nest or Malalwi Coast, 
and in Ceylon, hut it gradual I \ disappear to the northward, its 
nnitliCTii Innit, so fat .is is known at piesent, not oxtomluig to the 
20th parallel ni north latitude It is piulinhle that this is the oldest 
pait ot the Cisgangetu fauna, and it may have inhabited the country 
since India was connected hv land with Madagascai and South Africa, 
anoss what is nyw the Indian Ocean, in Mesozoic and eaily Cenoxon 
times. “The othei two elements, the Imlo-M.ilai 01 Oriental and the 
At ran, are proluthli latei innuigiants, and its wide! diffusion may 
indicate that the Oncntal element has mhahited the Indian Peninsula 
longer than the Allan has. Theie ap|M a ars some leason for regal ding 
the Ouental js.rtion ot the fauna as dating in India tiom Miocene 
times and the Aiyan tiom Pliocene, whilst lit the Pleistocene epoch 
the piopoition of Allan to Ouental types ot mammals in India, as 
shown by the fossil faunas ot the Ncilmdda and the Karnul Caves, 
was much largei than at the present day 

There are some othei iteculiai itics of the Indian Poninsulai taima to 
which attention mac lie called. One of these is the pieaence of genera 
and sometimes of sjxnies which aie found on Imth sides ot the Bay of 
Bengal, but not in the Himalayas 01 Noithern India. A gocsl example 
is aftorded by the genus 71././«/«s, of which one species inhabits Ceylon 
and India south ot alsmt ’I’l N hit whilst two others are tound in 
Houthoin Tenasserim and the Malay Peninsula In Pliocene times, 
the genus inhabited Northern India Another instance is the lizard 
LhiIijiii ifHtfiitii* found iu Burma ami Airakan, and also in South 
Cauara on the West Coast of India. Examples amongst reptiles are 
rather numerous. Moreover, whilst theie are numerous alliances 
between the animals of Peninsular India and those of Atm a, thero are 
also some curious connections laitwoen India ami Tropical America, but 
these are chiefly amongst invertebrates.* .Some, howeier, are found in 
reptiles. It is prolmblu that such Indo-American connections are 
vestiges of older life than the ludo-Afncan. They are of course, 
generally speaking, instances of animal groups once moro widely 
distributed, but now only preserved, in a few* favourable tropical 
localities. 

IV. The forest area of the Himalayas Iwlongs to the same suit-region 
as Assam, Burma (except South Tenasserim), Southern China, Tonquin, 
Siam, and Cambodia, and to this sub-region the term Traiisgangetic 
(Bay lto applied. It is distinguished from the Cisgangotic suit-region 
by the Alieolice of the animals already specified as characteristic of that 
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area and by the presence of the following, which are wanting in the 
Indian Peninsula—Mammals . the families Kimiidte, Procyoniila*, 
Talpida*, and Spalacidie, and the Mili-family Gymnunna 1 , tieaides 
numerous genera, such as Hi In tin, .In tony, .Ithrnmi , 

Nfworhinliu and I'amt*. Bin Is • the families Kuryltemhla?, lmlica- 
torida*, and Helioi nithidte, the suit-family Pamdo'curmthinn*. Reptiles . 
Platystermdn* and Angnidie. Batmchuns I Hscnphidw, ilylida*, 
Pelohatnbe, and Halamandndie. 

The following are the numlters of the genera in the different classes 
recorded fntni the Indian portion of the Transgangetic region, hut not 
from the C’isgangetic 

'J'niiwKinigH t< Not I'ltKHUtfetU' 

Mammals 74 26 or 35 jier rent. “ 

Buds 475 174 <n 36 5 

Reptiles ... 81 30 or 35 5 „ 

BatnU'hians 16 H or 50 ., 

Freshwater fishe- 67 18 <tr 27 

Omitting Itats, the niunliei of Transgangetic mammals within Indian 
limits are fifty-four, of which 22 oi 40 pel <ent aie not Cisgangeth. 

The relations of the Himalayan fauna to that of Assam and Bui mu 
on the one hand and to that inhabiting the Peninsula of India on the 
other may lie illustrated by the mammals with hats omitted. Of foity- 
one gonei-a occurring hi the Himalayas, three are not found in the 
hills south of Assam or in Burnm, whilst sixteen are wanting m the 
Cisgungetic region. It should lie remembered that a large mimlter of 
the genera are widespread forms As the result is not in agreement 
with the views of somu who have written on the subject, the relations 
of species have lteen examined. It results that eighty-one s{>ecies of 
mammalia belonging to the orders Primates, Carnivora, Tuseetivora, 
Rodentia, and Ungulate are recorded from the forest regions of the 
Himalayas. Of these 2 are doubtful, 22 are not known to occur south 
of the Himalayan range in India or Burma, 21 aro wide ranging foinis 
and are found in Iwth Burma and the Indian Peninsula, 1 only 
Iritftmi) is common to the Himalayan forests and the Indian 
Peninsula, but does not range east of the Hay of Bengal, whilst 35 are 
found in the countries oast of the Bay of Bengal, but not in the Ponin- 
sula south of the Ganges. Of the 35, 8 only range as far ns the hills 
south of tho Assam Valley, 16 to Burma proper, and 11 to the Malay 
Peninsula and Archipelago. Or, in other words, of the 79 Himalayan 
species, 56 or 70 per cent, are common to the Transgangetic region, and 
only 22 or 28 per cent, to the Cisgangetic. Of the 22 species not 
ranging south of the Himalayas a large majority are either Holaretic 
species or belong to Holaretic genera. 

The faima of the Himalayan forest area is partly Holaretic, partly 
Indo-Malay. It is remarkably poor, when compared with'the Cisgan- 
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getic and Burmese faunas, ill reptiles and hutrachian*. It also contains 
but few peculiar genet a of mammals and birds, and almost all the 
peculiar types that do occur have Holautic affinities. The Oriental 
element in the fauna is very richly represented in the Eastern Himalayas 
and gradually diminishes to the westwurd, until in Kashmir and farther 
west it ceases to lie the principal constituent. These facts are con¬ 
sistent with the theory that the Oriental constituent of the Himalayan 
fauna, or the greater portion of it, has migrated into the mountains 
from the eastward at a comparatively recent period It is an im¬ 
portant fact that this migration apjtcars to have been from Assam and 
not from the Peninsula of IndiA. 

V. Southern Tenasserim agrees best m its veitebiata with the Malay 
Peninsula, and should lie included in the Malayan stili-rcgion of the 
Indo-Malay region. 

The continental area of the Indo-Malav 01 Oriental region is divided 
into throe suleregions, Cisgangetic, Transgangctic, and Malayan. 

There are several points left which require explanation. There is 
the much greater richness of the Oriental < oiihtitucnt in the Cisgangetic 
fauna to the southward in Malalwi and CVvlon, although this i- -far 
away from the main Oriental area, and the occurrence also m the 
southern puit of the Peninsula of various mammalian, reptilian, and 
batrachmii genera, such as Jjms TntyiiliiI hum, Lutlepts, and l mint, 
which are represented in Humni and the Malay countries but not in 
the Himalayas or Northern India. In connection with this the linnta 
tion of the Dravidian element to the south of India should also lie 
rememliorod. Thou there is the occurrence of certain Himalayan 
species on the mountains of Southern India and Ilurma, and even 
farther south, but not in the intervening area. There is also the pre¬ 
dominance of the Western, or what l have proposed to call the Aryan, 
element in the Pleistocone fauna of the Norhiuhla Valley, and of 
Kanml In the north of the Carnatic tract. Lastly we have to account 
for the apparently recent immigration of Oriental types into the 
Himalayas. 

Whilst it is quite possible that other explanations may lie fouml, it 
is evident that all these peculiarities of the Indian fauna may have 
been duo to the Glacial epoch. The great terminal moraines occurring 
at uliotit 7000 feet in Sikhim, first discovered by Sir •). Hooker,* 
whose observations have lieen confirmed by myselft and others, 
and the occurrence of similar moraines and other imheatious of ice 
action at even lower levels in the Western Himalayas,! clearly show 
that the temperature of the mountain l-ange must have l>ecii much 

* ' Himalayan Journals,* rol. ii, pp. 7, 4c. 

t ‘Jour. As. Boe., Brag./ si, 1871, Pt 8, p. 88*. 

I ' Manual of the Geology of India,’ Kd. 1, p. 873 j KiL 2, p. 11, and references 
there quoted. 
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lowei thiin Ht the pxMtiiit ilay when no glaciei in Sikhirn it* known to 
doneud much lielow 14,000 loot. 

Dm mg the coldest portion ot the Glacial epoch, ti largo pait of the 
higher mountains must ha\e licen colored hy enow ami ice, and the 
tropical Oriental iaiinu which had iHtupiod the range, anil which may 
has e resembled that oi the Indian Peninsula more than ie tho case at 
present, niiiat ha\e Immhi dn\en to the 1<ase oi the mountains or extei- 
imnatod. The llobuctu forms apparently sun i\ed in linger numliets 
The Assam Valley and the hill ranges to the southward would afford 
m damp, shekel cd, forest-clad \alleys and hill slopes a warmer refuge 
for the Oriental fauna than the open plains of Northern India and tin* 
much duel hills of the country south of tho Gaugetic plain The 
Oriental types of the Peninsula generally must hn\o lieon driven south- 
winds, and sonic of them, smh as Amis and Tnn/ulu *, which must 
originally hate I fen m totnh with their Burmese representatives, hate 
netei loturued It was piolmhli during this cold period that tho ossi 
futons Neihudihi Iftls and the deposits in the Karnul cares weie 
accnmulated The tropical dump-loung Dtaiidiau fauna, it it in¬ 
habited Northern India, must hare lieen drireii out of the country 
I'iiIon* the temperature ot India and Burma generally underwent a 
(onsidctahle diiiuimtiou, it is not eau\ to understand how plants and 
animals of temperate Himalayan types succeeded in reaching the hills 
of Southern India and Cc\hm, *u> well as those of Bunim and the 
Malay Peninsula 

When the whole country liorumc wanner again after the cold epoch 
had pa»«cd away, the Tiunsgungetic fauna apiieanj to hare poured into 
the Himalayas from the eastward. At the present day tho compara¬ 
tively narrow Brahmaputra plain lit Assam is far more exteiisivoly forest- 
clad, usjieciallv to tho eastward, than is tho much broader Gaugetic 
plain ot Northern India, and if, us is prolmlile, the same difference 
betu eeu tho two amts existed at the clod of the Glacial epoch, it is easy 
to see how much greater tho facilities for the migration of a forest- 
haunting fauna must hur o lieen across the Brahmaputra Valley than 
over tho great plain of the Gauges. This difference alone would gi\ e 
the Trausgangetic fauna of Burma an advantage over the Ciagangetic 
fauna in a race for the vacant Himalayas, oven if the lattor had not 
been drivon farthor to the southward than the former, as it probably 
was dining the Glacial epoch. 

The theory, however, is only put forward as a possible explanation 
of some remarkable features in the distribution of Indian vertebrates. 
At • the same time it does serve to account for several anomalies of 
which some solution is necessary. If thus accepted, it will add to the 
evidence, now considerable, in favour of the Glacial epoch having 
affected the whole world, and not having boon a partial phenomenon 
induced by special conditions, such us local elevation. 
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“ On the Intimate St) uctnre of Crystals.—IV. Cubic Crystals with 
Octahedral Cleavage.” Ity W. J. Sulias, I).Sc., LL.1)., K.R.S. 
Professor of Geology in the rniveiuity of Oxford. Deceived 
and ivftd March 17, 1H98. Umised Decomliei 16, 1900. 
IHmmuuI. CarlM)n, m. w., 12 ; ip. gr., -t*31; m. v., 3-42. There is 
good reason to believe, us will appear as wo proceed, that the atoms 
of carbon, of which diamond is composed, arc ilisposed in the closest 
possible order. This mode of disposition has lieen described and 
figured by Mr. Barlow,* in his work on “ A Mechanical Cause of Homo¬ 
geneity of Crystals.” Each atom m ni contact with twelvo others, mid 
in planes normal to the trigonal axes of the culm, which they ni-e sup¬ 
posed to form; they lio in closest contact, each sphere touching six 
others in the plane. The volume of the atoms may lie most readily 
found by dividing the atomic volume by 1*35: it is 2‘34, the diameter 
of the atom is 1-693, and its gross \olume 4 631 
The cleavage of such a closost picked assemblage as we attribute 
to diamond should lie octahedral, for it is in planes parallel to the 
faces of an octahedron that the atoms he closest together. The 
characteristic cleavage of diamond is thus readily accounted for; not 
so, howaver, its remarkable homihedry. This has still to lie explained. 
Diamond is tetrahedral, ami to account for this, we may suppose its 
constituent atoms to be associated in groups of four, the centre of each 
lying at the solid angle of a tetrahedron, or we may recall the tetra¬ 
hedral nature of the carbon atom, anil attribute the homihedry of 
diamond to an appropriate disposition of the piles of its atoms. 
Whichever view is adopted, it will make no difference to the subse¬ 
quent treatment of the question; in either case, we have to consider 
the manner in which tetrahedra may be arranged so as to gi\e rise to 
hemihedral symmetry. Two kinds of arrangement arc possible; in 
both, the trigonal axes of the tetrahedra lio on the trigonal axis 
of a cube, hut in ono the tetrahedra are oppositely, in the other 
similarly, orientated. On bringing the former case under the notice 
of Mr. Barlow, he informed me that it was new to him, and subse¬ 
quently he pointed out thAt the symmetry resulting from it is holo- 
hedral,t while the arrangement in the second case is hemihedral; we 
must accordingly suppose that in diamond the constituent tetrahedra, 
whether groupe of atoms or the atoms themselves, arc all similarly 
orientated. 

• • Set Proc. Boy. Dub. Soc.,’ voL 8 iJT.8.), p. 888,1897. 
t This arrangement u described by Hr. Barlow In the * Sci. Proc. Boy. Dub. 
So&,’ fee. eft, under tie heading C (*), p. 842) the aHernatfve imsfemant to 
given under 0 (a). 
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In Heating of diamond, the question of dimorphism naturally pre¬ 
sents itself; we proceed therefore to the consideration of graphite 

As the roeotded values for the specific gravity of graphite diffei 
widely from one another, 1 made a fresh determination of this con¬ 
stant, using the graphito obtained as a bye-product in the manufacture* 
of cailKimndum. Tim was kindly gixen mo by Professor Miers 
The graphite was iutrudmed into a diffusion column of methylene 
iodide and lienzone, it floated at a level of specific gravity 2'286, as 
gixen by small glass indicators, Tho molecular xolume of giaphite, 
as deduced from this, is 0-25 This value is in close accordance with 
that found by Peterson, who gixes it as 5:$.* 

The form in which graphito occurs in nature is so closely similar to 
u hexagonal prism, that for a long time it was referred to the rhomlio- 
hedval system, but latui olwen ations show that it is decidedly oblique 
oi monoclniK 

Suppose that a nunilivi of tetrahedral gioup6 of. atoms Iki placed 
each with a trigonal axis vertical, the atoms at the base forming a 
single sheet ill closest (outsit, then suppose a similar sheet placed 
o\ei the tn st, so that the xertieal trigonal axis of each of the uppci 
tctiahedra is continuous with that of each tctiahedron of the lower 
lavoi. The resulting s\nimeti v will l»o that of the ohhquo system,and 
will lie hemimorphu 

It is of especial mteiest to eonqiato the volumetric rchitions which 
exist, on the one hand, lietw'een these hypothetical modes of packing 
for diamond and graphite, and on the other lietween the atomic 
x olumes of diamond and graphite themselves It can lie shown from 
more inspection that the volume occupied by tho packed spheres in the 
case of diamond is to that in tho ease of giaphite as 2 : 3, for six 
spheres in tho packing of diumond occupy tho same space us four iu 
that of graphite; i r., if xx o restrict attention to two sheets only, iu 
diamond l>oth aro most closely packed, evory three spheres in the lower 
layer having three corresponding spheres m tho upper, while, in 
graphite, oidy tho lower layer is most closely packed, and in the upper 
hut ouc sphere occurs in correspondence to evory set of three spheres 
below. 

Next the volume found for diamond is 3 - 42, anil that for graphite, 
5*26, and 3-42 : 5'25 ~ 2 : 307. There is* thus a correspondence 
between the ratio of the x olumes as doduced from hypothesis and that 
obtained by experiment as exact as the nature of the case permits. 

Although graphite is not truly rhombohedral, it makes a close ap¬ 
proach to the symmetry of the rhombohedral system, as it might very 
well do from the structure here assigned to it. NordensldOld, frpm 
measurements made on graphite' from Purges, is supposed to have 
shown that the apparently hexagonal prisms are really oblique, pro- 
‘ Z#111. f Ph.Tiilalifclic Chwni*,’ rol. 8, p. 601,1891. 
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dured by h combination of tho fornih 001, 110, 010. The angle ft wnu 
found to measure 71" 16', iftid thus only differs from the auglo of a 
tetrahedron (which in 70 30') by 46 minutes. The angle of the prism 
110 was found to l>e 122 24', ot 2 24' gteater than that of a regular 
hexagon. 

Tho packing of the atoms in graphite is the most oj>eu w c ha\ e yet 
omounteied; in diamond, not only the closest, but the closest possible. 
Yet gtaphite is the commoner form oi <.uIm>ii, and the mole easily pro¬ 
duced by artificial means Nature thuretoie does not seem to especially 
fat our closest possible packing, rathoi loaning on the (ontiary to the 
more open arrangements. The rclatne huidncss of the two forms of 
earlton would seem to lie connected with then structure, graphite— 
one of the softest of minerals, and diamond without exception the 
hardest. As Professot Miers suggests, the sec tilitc of ginphitc may 
perhaps lie connected with its open stiuctiue, but on otliei ditfeienees 
in the physical charnrtei' of the two substances the stn let lire seems 
to throw’ no light. 
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Lockyer (Sir N.) Further Note on the Spectrum of 8 dictum, 408 i —— Total 
Eclipse of the Sun, May 28,1900. Preliminary Aooount of the Observations 
made by the Solar Physics Observatory Eclipse Expedition and the Ofleers 
and Man of H.M.S. "Theseus" at Santa Pols, 8871 ——and Lockyer 
(W. J. S.) On Solar Change* of Temperature and Variations in Rainfall in 
the Region surrounding the Indian Ocean, 400. 

LoUu Arwtitut, Poison of—Press to Acid in (Dunstan and Henry), 884 . 

Luminosities, Measurement of (Abney), 118. 

Lyoopods (Palseoaoio), Seed-like Fructification in (Soott), 806. 
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Maodon*ld(J. S) The Demarcation Current of Mammalian Norte (Preliminary 
Communication), 810) II. The Source of the Demarcation Current oon- 
sldered ae a Concentration Cell, S16 j III. The Demarcation Source and the 
Concentration Law, 325. 

Maofadyen (A), Morris (O. II), and Rowland (S) On Expreaaed Voaat cell 
Plasms (Buchner's “ Zymaso "), 250. 

MoClung (B. K ) See Rutherford and McClung. 

Uagnetical Obaerratiom at Falmouth Ob’orvatory, 1897-1899,139. 

Man, Data for Problem of Evolution in (Bcoton, Yule, and Pearson), 159 j (Lee 
and Pearaon), 833 

Manson (P.) admitted, 328. 

Marble, Investigation into Flow of (Adame and Nieolson), 228. 

Meeting of June 21,1900,1 j November 15, 328 \ Norembcr 22, 4 02) November 80, 
486) Dooember 6, 436, December 13, 406. 

Metals, Crystalline Structure of (Ewing and Roernhain), 112. 

Molecular Energy, Distribution of (Joans), 236 

'Morris (G. H.) See Macfadycn, Morris, and Rowland. 

Muir (J.) On the Tempering of Iron hardened by Overstrain, 461. 

Nerve Crossing, Restoration of Co-ordmatcd Movements after (Kennedy), 481. 

Nerve, Mammalian, Demarcation Current and Electrical Resistance o’f, Effects of 
Dilute Solutions, &o, on (Macdonald), 910. 

Newull (HE) See Turner and Nowall. 

Nioolaon (J. T ) See Adams and Niooison. 

North (Sir F ) elected, 1; admitted, 828. 

Northumberland (Duke of) electod, 402; admitted, 436. 

Officers and Council nominated, 402. » 

Offspring, Correlation between Number of, and Duration of Life (Bceton, Yule, 
and Pearson), ISO. 

Paper* published during Recess, List of, 829. 

Papers read, Lists of, 1, 829, 403, 436, 467.1 

Pearson (Karl) On the Kmetio Accumulation of Stress, illustrated by the Theory 

of Impulsive Torsion, 222; -8eo also Beaton, Yule, and Pearson, and Lea 

and Pearson. 

Photography of ColouredObjects in correct Monochrome (Abney), 118. 

Potter (M. O.) On a Bacterial Disease of the Turnip (Prosnee aoyms), 442. 

Pttmdtmoiuu (Utirnctatu, n. ip., Bacterium of Diseased Turnips (Potter), 442. 

Rainfall, Variations in, and Solar Changes of Temperature (Lockyer and Lookyer), 
409. 

Rambaut (A. A.) admitted, 11-Underground Temperature at Oxford in the 

Year 1899, a* determined by Five Platmum-rwistanoe Thermometers, 218. 

Ramsay (W.) and Travers (M. W.) Argon and it* Companions, 829. 

Rayleigh (Lord) On the Yitoosity of Oases a* affected by Temperature, 187. 

Resistance in Iron, Change of, produced by Magnetisation (Gray and Jonas), 208. 

Roberts-Austen (Sir W.) On the Diffusion of Gold in Solid Lead at th* ordinary 

Temperature, 101 j -and Rom (T. Kirks) On oartain Properties of th* 

Alloys of the Gold-Copper Series, 106. 

Rock Specime n s from Diamond Mines, Gnqualand West (Bonoey), 475. 
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BOntgen Hsys, enorgy of (Rutherford and McClung), 246. 

Bom (T. Kirk*) See Eoberte-Austen and Bo*e. 

Bosenhsin (W ) See Swing and Rosonhain. 

Rowland (8.) See Maofadyen, Morris, and Rowland. 

Rutherford (E) and MoClung (R, K.) Energy of ROntgen and Beoquerel Raya, 
and the Energy required to produee an Ion in Gian, 245. 

Soott (D. H.) Note on the Occurrence of a Seed-like Fructification in oertain 
Paleozoic lyoopodi, 306 

Selenate* (Double) of Sonee R,M(SeO < ) J1 6II,O l Cryitallographical Study of 
(Tutton), 68. 

Sell (W. J) admitted, 1. 

Silicium, Spectrum of ; line* in Stellir Spectra (Lockyer), 403. 

Skull (Human) Study of the Correlation of (Lee and Feareon), 333. 

Sollaa (W. J ) On the Intimate Structure of Cryitali. IV. Cnbio Cryatala with 
Octahedral Clearage, 403. 

Steam, Thermodynamical Propertiei of, Charneleriitio Equation!, Table* of Specific 
Volume, Ac. (Callander), 206. * 

Stoney (G 3.) Vote on Inquiries a* to the Escape of Gases from Atmospheres, 
288. 

Stress, Kinetic Accumulation of (Pearson), 222. 

Sulphur, Boiling-point of; Variation with Pressuro (Chreo), 8. 

Sun, Changes of Temperature of, and Variation* of Rainfall (Lockyer and Lockyer), 

409 j -Preliminary Reports on Obserrations st Eclipse of Msy 28, 1900 

(Lookysr), 837; (Turner and Newell), 846; (Erershed), 870; (Copeland), 
886 1 (Christie and Dyson), 892. 

Swan (J. W.) elected to Council, 46fi. 

Temperature (Underground) at Oxford in the Year 1899 (Ramhaut), 218. 

Tempering of Iron Hardened by Oxers tram (Muir), 461. 

Thermodynamical Properties of Gases and Vapours (Callendtr), 266. 

Thermometry (Platinum), Investigations on; Source* of Change or Error in 
(Chree), 8. 

Torsion, Theory of Impulsive, and the Kinetic Accumulation of Stress (Pearson), 

222 . 

Travers (M. W.) Bee Ramsay and Travers. 

Turner (H. H.) and Newsli (H. F.) Total Solar Eclipse of 1900 (May 28). Pre¬ 
liminary Report on the Observations made at Bonsareah (in the grounds 
of the Algiers Observatory), 846. 

Turnip, Bacterial Disease of (Potter), 442. 

Tutton (A. E.) A Comparative Crystallographies! Study of the Double Selenatet 
of the Series H,M(Se0 4 )„6H,0—Salts in whioh M is Zinc, 68. 

Underground Temperature at Oxford in the Year 1899 (Bambant), 218. 

Variation, Law of, as regards Read ion to Environment (Vernon), 86. 

Vernon (H. M.) Certain Laws of Variation. L The Beaotion of Developing 
Organisms to Environment, 86. 

Vertebrate Animals, Distribution in India, Ceylon, Ao. (Stanford), 484. 

Vice-presidents appointed, 488. 

Viscosity of Wine, Effect* of Temperature Change* on (Gray, Blyth, and Dunlop), 
180. 

Visual Ana of Cerebral Cortex, Exact Localisation of (Bolton), 216. 
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Walker (Jinnee) admitted, 8*8 

Waller (A D) On the "Blew Current*" of tie Frog** Eyeball, 489, -The 

Eleofcnoal Effaota of Light upon Green Leave* (Prehmuary Communication), 

iae 

Water, Capacity for Heat of (Borneo), 888 
atta (Philip) admitted,} 

Wilaon (OTB) admitted, 1 . 

Wire*, Effect* of Temperature Change* on Elasticity and Vuooaity of (Gray 
Blyth, and Dunlop), 180 


Yeaat cell Plaama Method of Fxpreaung Production of Alcohol and CO* by 
(Majfadyen Mom* and Rowland), 860 
Yule (G tJ ) See Beeton, Yule and Peareon 


“ Zymaw" of Yeaat Influonoe of Age on Aetinty (Maofadyen, Mom*, and Bow 
land), 280 


aru or thi sixTT-amwtH tomth* 
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